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PREFACE. 


IN  the  accompanying  treatise  we  have  endeavoured  to  give  the  general  results   of  our  observations  on  the  Hydrography  and  Pelagic 
Life  of  the  Northern   Ocean,    obtained,    of  late  years,    during  our  Marine-Biological   investigations.      More   detailed   results  of   our 
observations  in  Norwegian  waters,  and  the  Herring  Fishery  carried  on  therein,  we  reserve  for  future  publication. 

Materials  for  our  treatise  have  also  been  obtained  through  the  kind  assistance  of  various  public  institutions  and  private 
individuals,  and  the  help  thus  afforded  us  is  specially  alluded  to  in  our  work. 

We  desire  to  express  our  thanks  to  the  Officers  of  the  Royal  Norwegian  Navy,  the  Meteorological  Institute,  the  Geographical 
Surveying  Board,  the  Directors  of  the  Bergen  Museum,  and  to  all  those  Shipowners  and  Masters  of  vessels  who  have  accorded  us  their 
valuable  assistance. 

June   1898. 
Johan  Hjort.  H.  H.  Gran. 


I.    The  Hydrographical  Conditions  of  the  Northern  Ocean, 


I  HE  greatest  part  of  the  Northern  Ocean  is  a  deep-water  sea. 
1  The  1000  metre  curve,  in  many  places  approaches  nigh  to  the 
Norwegian  coast  (as  for  instance  at  Storeggen  off  Kristianssund, 
and  at  Vesteraalseggen).  From  these  points,  and  across  to  Ice- 
land, Jan  Mayen  and  Greenland,  the  depth  exceeds  1000  fathoms. 
Throughout  this  deep-water  sea,  the  physical  conditions  at  the 
bottom  are  very  uniform,  and  of  an  Arctic  character. 

If  one  follows  the  400  metre  curve  on  the  Chart  of  Depths. 
PI.  1  one  will  find  the  boundary  of  the  Norwegian  "coastal  banks". 
It  will  be  perceived  that  the  sea-bottom  beyond  them  descends  almost 
perpendicularly  downwards,  so  that  the  banks  themselves  form  a 
sort  of  barrier  or  breast  .vork  to  the  Norwegian  coast.  It  will 
furthermore  be  seen  that  this  barrier  extends  from  off  the  Sogne 
Fjord  to  the  shores  of  Scotland,  and  that  the  whole  of  the  North 
Sea  is  thus  of  a  depth,  and  similar  physical  conditions  to  the  banks. 

In  order  to  understand  the  physical  conditions  of  these  banks 
—  our  especial  subject  — ,  one  must,  above  all,  remember,  that  the 
latter  are  quite  isolated  from  the  cold  polar  water  of  the  deeper 
sea.  The  water  which  covers  our  coastal  banks  comes  from  the 
southward,  and  is  carried  on  to  our  shores  by  the  well  known 
Atlantic  current  the  Gulf  Stream  •  which,  in  the  area 

comprised  within  a  line  from  Scotland  to  Iceland  and  Finmarken, 
covers  the  central  portion  of  the  surface  of  the  Northern  Ocean, 
and,  down  in  the  deep,  spreads  itself  over  the  banks,  the  North 
Sea,  the  Skagerak,  and  up  to  the  Swedish  Coast  and  mouth  of  the 
Christiania  Fjord. 

From  PI.  2,  it  will  be  seen  that  the  greatest  portion  of  the 
surface  of  the  Northern  Ocean  is  occupied  in  summer  by  water 
containing  over  35  %0  of  salt. 

In  like  manner  the  bottom  from  "Eggen"  in  to  the  coast  is 
covered  with  water,  the  salinity  of  which  is  35  %0,  of  a  temperature 
ranging  from  6°  to  7°  Celsius.  Only  below  "Eggen"  will  a  lower 
temperature  be  found,  down  to  -  -  1°  at  a  depth  of  900  metres, 
where  the  salinity  is  also  less,  as  the  water  is  mixed  with  that 
from  the  polar  ice.  In  on  the  coast  the  salinity,  too,  decreases, 
as  will  be  seen  from  the  plate,  and  therefore  one  can  lay  down  3 
deep  regions  according  to  the  physical  conditions:  - 

1.  The  Arctic  Sea  Region  at  the  greatest  depth. 

2.  The  warm  Atlantic  Ocean  Region. 

3.  The  Coastal  Water  Region. 


A  general  view  of  the  layers  of  water  to  be  met  with  on,  and 
off  our  Northern  Ocean  seaboard,  will  be  best  seen  from  the  hydro- 
graphic  section  which  was  obtained,  through  the  kindness  of  the 
Geografiske  Opmaaling  (Geographical  Survey),  off  Hustaclviken,  where 
the  declivity  towards  the  great  depths,  Storeggen,  is  comparatively 
near  land.  The  section  is  given  on  PI.  5,  Fig.  2. 

The  same  layers  of  water  which  are  met  with,  the  one  below 
the  other  along  the  coast,  appear  on  the  surface  of  the  sea  when 
far  off  the  land.  The  hydrographic  profile  from  the  Sogne  Fjord 
to  the  Arctic  Ocean,  PI.  4,  Fig.  1,  thus  shews  that  the  salt  Atlantic 
water  fills  the  entire  central  portion  of  the  Northern  Ocean  from 
the  surface  downwards  to  a  depth  of  at  least  300  metres  (during 
this  expedition  deeper  investigations  were  not  instituted).  The  Arctic 
water,  with  its  lesser  salinity,  shoves  itself  like  a  cold  wedge  across 
the  Gulf  Stream,  and  in  the  Arctic  Ocean  is  met  with  from  the 
surface  to  the  greatest  depths. 

The  thickness  of  the  coastal  water  varies  greatly  with  the 
seasons.  In  the  winter  it  can  form  a  layer  up  to  250  metres  in 
thickness,  whilst  in  summer  the  Atlantic  water  may  be  met  with, 
close  in  to  land,  at  a  depth  of  40  to  50  metres. 

On  PI.  5,  Figs.  3  and  4,  will  be  found  a  representation  of  the 
annual  variations  of  temperature  and  salinity  off  the  west  coast  of 
Norway. 

The  method  of  representation  has  been  devised  by  Mr.  AKSEL 
STEEN. 

The  drawings  have  been  made  from  investigations  already 
published  by  HJOBT  [95]*). 

In  summer  the  layers  in  the  surface  water  have  been  found 
to  be  excessively  warm,  but  containing  little  salt,  whilst  the  Atlantic 
water  forces  its  way  up  from  beneath.  Subsequently  the  high  tem- 
perature descends,  so  that  at  a  depth  of  250  metres  the  greatest 
warmth  (8°)  is  met  with  in  December. 

The  periodical  changes  thus  vary  to  a  depth  of  250  metres, 
on  the  west  coast  of  Norway.  Up  to  the  present  time  no  inve- 
stigations have  been  carried  out  during  the  whole  year  off  the 
seaboard  of  the  Northern  Ocean,  but  there  is  good  ground  for 
believing  that  the  conditions  there  are  not  very  different  to  those 
on  the  west  coast. 


*)  [  ].    This    form    of   brackets,   with  figures   inside,   indicates  the  date  of 
literary  publication*. 


Monx  ([87],  p.  91)  reports  observations  of  temperature  from 
Lodingen,  which  show  that  at  a  depth  of  100  fathoms  the  tempe- 
rature does  not  vary  throughout  the  year  (6°.4  to  6°.5). 

There  are  thus  along  the  entire  Norwegian  seaboard  of  the 
North  Sea  and  Northern  Ocean,  3  deep  regions  of  a  very  well 
marked  hydrographical  character,  vi/... 

1.  The   Region   of  periodical    changes,    to    a    depth    of    200    to 
MO  metres. 

2.  The  Atlantic  Region,  to  a  depth  of  about  500  metres. 
2.   The  Arctic  Region. 

Of  these  regions,  it  is  chietty  the  uppermost  that  is  of  intercut 
to  us,  as  it  is  our  main  purpose  to  unravel  all  the  conditions  which 
may  influence  the  migration  of  fishes.  And  it  may  well  be  pre- 
sumed that  the  great  changes  produced  by  currents,  by  summer 
warmth  and  winter  cold,  and  the  variations  from  year  to  year  of 
the  different  factors,  may  be  of  the  greatest  importance  to  the 
periodical  fisheries. 


In  order  to  investigate  these  conditions,  HJORT,  in  1895,  made 
5  sections  of  the  sea  off  the  coast  between  Stavanger  and  Lofoten, 
and  through  the  assistance  of  the  authorities  of  Bergens  Museum, 
NOHDGAARD  was  enabled  to  go  over  the  same  section  during  the 
winter  of  1896. 

The  results  of  these  investigations  are  given  on  Pis.  6  and  7. 
The  salinity  is  represented  in  similar  tones  to  those  used  by  HJORT 
in  his  former  work  [95]. 

Water,  the  salinity  of  which  exceeds 

35  %o  is  denoted  by  dark  blue  colouring. 
34  to  35     -     -        „         -    light      „ 
33  -    34     -      -         „         -    dark  green 
32  -    33     -      -         „         -    light      „ 
less  than  32     -  „         -    yellow 

This  method  of  representation  was  founded  by  the  Swedish 
hydrographers  PKTTERSSON  and  EKMAN  [91].  That  this  is  right  is 
shown  by  the  fact  that  the  lines  of  salinity,  in  many  instances, 
represent  the  natural  boundaries  between  layers  of  different  origin 
and  character;  each  of  such  layers  generally  possessing  its  own 
characteristic  conditions  of  temperature. 

This  method  of  division  has  been  tested  during  several  years 
investigations  in  the  Skagerak,  where  PKTTKKSSOX  and  EKMAN  separate 
and  recognise  the  following  layers  of  water: 

Atlantic      Water,  Salinity  35  %o  and  upwards. 


North  Sea 

Bank 

Baltic 


34  to  35    - 

32    -    34    - 

less  than  32    - 


On  the  Norwegian  seaboard  of  the  Northern  Ocean,  the  waters 
of  the  Gulf  Stream  can  be  discerned  from  the  coastal  layers  by 
the  35  %o  line  of  salinity.  As  will  be  seen  from  the  tables,  there 
is  often  a  great  variation  in  temperature  along  this  line.  But 
naturally  all  kinds  of  changes  are  to  be  met  with,  and  in  many 
instances  it  would,  possibly,  have  been  more,  or  equally  correct  to 


fix  the  boundary,  for  instance,  at  34.8  %o.  But,  practically,  this 
would  make  but  little  difference,  and  therefore  we  deem  it  prefer- 
able to  use  single  lines  throughout,  in  order  that  the  figures  may 
retain  their  value  independent  of  theories  and  individual  opinions. 

\\  c  regard  it  as  doubtful  whether  the  coastal  water  can,  in 
the  Northern  Ocean,  be  divided  into  such  naturally  confined  layers 
as  in  the  Skagerak,  but  this  must  be  more  accurately  investigated. 
On  practical  grounds  we  have  retained  the  curves  and  the  same 
colouring  as  for  the  Skagerak  waters,  but  without  intending  thereby 
to  indicate  the  various  sources  of  the  coastal  waters. 

For  the  sake  of  brevity,  we  will  in  the  following  few  words 
denote  those  waters  whose  saline  contents  amount  from  34  to  35  %o, 
as  "34  water",  and,  in  like  manner,  describe  the  other  degrees  of 
salinity. 

The  sections  given  on  Pis.  6  and  7,  confirm  the  correctness 
of  the  results  given  on  PI.  5,  Figs.  3  and  4. 

In  summer  the  35  water  rises  well  up  towards  the  surface, 
being  surmounted  by  coastal  layers  of  various  degrees  of  salinity. 
On  the  Norwegian  west  coast  (PI.  6,  1  a  and  2  a)  there  still  remains 
a  quantity  of  water  of  less  salinity  than  32  %o,  probably  of  Baltic 
origin.  Further  North,  coastal  water  is  met  with,  consisting  almost 
exclusively  of  33  and  34  water.  The  temperature  in  the  coastal 
layers  decreases,  evenly,  from  the  surface  downwards,  but  the  At- 
lantic water  occasionally  exhibits  a  rise  of  temperature  towards  the 
bottom.  The  coastal  layers  are  thus  in  summer  of  little  thickness, 
but  their  salinity  is  often  somewhat  low. 

If  we  examine  the  winter  sections  we  find  the  conditions  en- 
tirely altered.  The  line  representing  35  %o  salinity  has  on  the 
shores  of  the  Northern  Ocean  (Table  6,  Figs.  3  b  and  4  b,  Table  7, 
Fig.  1  b)  retired  to  over  100  metres  of  depth,  in  parts  to  more 
than  200  metres. 

On  the  shores  of  the  Northern  Ocean  the  35  water  will  be 
found  somewhat  nearer  the  surface  (PI.  6,  Figs.  1  b  and  2  b). 

Along  the  entire  coast  at  that  season,  there  will  be  found  a 
thick  layer  of  34  water,  and  also  of  33  water,  which  partly  cover 
the  coastal  banks. 

The  temperature  of  the  34  water  is  not  much  lower  than  that 
of  the  Atlantic  water,  generally  from  5°  to  7°,  falling  seldom  to 
4°,  but,  on  the  other  hand,  the  temperature  of  the  33  water  may 
be  3°,  or  less  than  that. 

It  is  necessary  now  to  discover  the  origin  of  these  thick  layers 
of  water,  and  there  are  two  theories  respecting  that,  which  may  be 
taken  into  consideration,  viz.,  that  they  are  either  formed  at  the 
spot  by  a  mixture  of  river  and  Atlantic  water,  or  that  they  are 
brought  by  currents  from  other  parts. 

The  Swedish  hydrographers  are  of  opinion  that,  a  combination 
of  layers  of  water  of  different  specific  gravities  does  not  occur,  to 
any  great  extent,  except  in  shallow  seas. 

In  that  case,  the  34  water  on  the  Norwegian  coast  could  only 
originate  from  places  where  a  vast  quantity  of  water,  of  a  salinity 
of  34  to  35  %o,  exists.  The  Swedish  hydrographers  therefore 
assume  that  the  34  water  must  proceed  from  the  Arctic  Ocean 
itself,  or  the  north  western  portion  of  the  Atlantic  Ocean.  In 
summer  there  is  not  any  connection  between  the  Arctic  Ocean  and 
the  shores  of  Northern  Europa,  but  PETTERSSON  and  EKMAN  have 


framed  the  hypothesis  that,  in  winter,  a  current  runs  southwards 
from  the  north-east  coast  of  Iceland  to  the  North  Sea,  or  to  the 
Norwegian  coast  at  Stadt. 

This  hypothesis  is  mainly  based  on  the  biological  conditions, 
for,  in  the  Skagerak,  there  will  be  found  amongst  the  Plankton, 
numerous  northern  forms  at  the  very  time  the  34  water  attains 
its  greatest  thickness  (see  AUEIVILLIUS  [96],  CLEVE  [97]). 

As  we  shall  show  in  the  following  remarks,  the  distribution  of 
the  Plankton  organisms  may  be  equally  well  explained  by  other 
means,  but  there  are,  nevertheless,  hydrographical  facts  which 
appear  to  support  the  hypothesis. 

Thus  it  will  be  seen  from  MOHN'S  Chart  of  Surface  Tempera- 
tures in  the  Northern  Ocean,  for  March  and  August,  that  during 
the  winter  a  wedge  of  cold  water  advances  from  the  east  coast  of 
Iceland  in  a  south-east  direction  towards  the  Faroe  islands. 

It  has  subsequently  been  shown  by  RYDEE  [95]  that  a  large 
portion  of  the  East  Greenland  Polar  current  turns  eastward,  run- 
ning past  the  east  coast  of  Iceland,  instead  of  flowing  onwards 
through  Denmark  Straits. 

A  bottle  thrown  into  the  sea  off  the  coast  of  Greenland  in 
72°  58'  N.  lat.,  and  20°  36'  W.  long.,  which  was  picked  up  after 
the  lapse  of  three  years  at  the  Faroe  islands,  likewise  supports  the 
assumed  existence  of  such  a  south-flowing  Polar  current. 

It  is  a  matter  of  fundamental  importance  in  studying  the  distri- 
bution of  organisms,  and  the  migration  of  fishes  on  the  Norwegian 
banks,  to  know  whether  such  a  current,  flowing  directly  across  the 
Gulf  Stream,  exists  or  not.  Consequently  the  Norwegian  investi- 
gations of  the  past  few  years  have  been  directed  towards  solving 
this  question. 

The  above  mentioned  hydrographical  section  of  the  Norwegian 
coastal  waters,  made  by  HJOET  and  NOKDGAAED  in  1895 — 96,  did 
not  lead  to  any  decisive  result,  as  the  steamers  placed  at  their 
disposal  in  the  coast  towns,  were  not  large  enough  to  proceed  to 
the  boundaries  of  the  water  layers  of  the  coast.  On  the  other 
hand,  in  March  and  April  1897,  HJOET  succeeded  in  obtaining  a 
description  of  the  whole  of  the  Northern  Ocean  through  the  courtesy 
of  the  masters  of  sealing  and  whaling  vessels. 

Mr.  JOHANNES  BULL,  a  shipowner  at  Tonsberg,  allowed  deep 
water  investigations  to  be  made  during  the  voyage  of  the  "Ant- 
arctic" from  Utsire  to  Iceland  in  the  beginning  of  March,  and  also 
from  another  of  his  vessels  sailing  from  Iceland  to  Finmarken  in 
the  beginning  of  April. 

In  addition  to  the  above,  L.  TUFTE,  master  of  the  steamer 
"Westye  Egeberg",  and  ship-master  J.  0.  SIM  ONSEN,  kindly  col- 
lected surface  samples  of  water,  and  noted  the  temperatures  when 
sailing  to  the  fishing  grounds  off  Jan  Mayen  in  1897,  while  ship- 
master FODEN  did  the  same,  and  at  the  same  period,  on  his  course 
from  the  Skagerak,  south  of  the  Shetlands  and  Faroe  islands  to  the 
south  western  shores  of  Iceland.  The  North  Sea  was  jsimultane- 
ously  examined  along  the  steamship  routes  from  Stavanger  to  Shields, 
Christianssand  to  Shields,  and  Christianssand  to  Antwerp. 

Plate  3,  has  been  published  on  the  basis  of  these  observations. 
The  lines  of  temperature  are  given  in  red,  and  the  steamship  routes 
in  black.  The  cross  lines  on  them  denote  stations.  Wherever  the 
stations  are  marked  on  the  chart  by  a  small  circle,  deep-water 


investigations   have  been   carried  out.     See  besides  the  Hydrogra- 
phical Tables  B.  HE— IV. 

Mr.  FODEN'S  track  has  not  been  marked  down,  as  his  report 
only  reached  us  after  the  tables  and  plates  had  been  sent  to  the 
printers. 

For  the  sake  of  comparison,  we  have  published  TOENOES'  Sum- 
mer Chart  of  the  Northern  Ocean  Expedition,  supplemented  by  the 
results  of  the  Drache  Expedition,  and  by  MOHN'S  Curves  of  Tem- 
perature for  August  ([87],  pi.  XXVII)  which  are  denoted  on  the 
chart  in  red. 

In  comparing  these,  it  will  be  seen  at  once  that  the  water  of 
the  Gulf  Stream,  characterised  by  a  salinity  of  over  35  %o,  is  far 
less  widely  distributed  during  the  coldest  period  of  the  year  than 
during  summer;  while  the  Polar  current,  which  in  summer  barely 
reaches  the  south-western  point  of  Iceland,  during  the  course  of 
the  winter  increases  in  thickness  in  two  great  wedges  which  extend 
to  61°  and  63°  N,  lat. 

The  results  derived  from  deep-water  investigations  on  the  line 
Utsire — Iceland,  will  be  seen  on  PI.  6,  Fig.  1.  Both  wedges  go 
down  to  a  considerable  depth ;  the  western  one  being  the  narrower, 
but  with  the  lower  temperature  of  the  two.  The  salinity  of  the 
eastern  wedge  at  a  depth  of  200  metres  is  34.88  %0,  and  tem- 
perature 5°.4;  at  a  depth  of  300  metres  34.97  (see  Tables  p.  11. 
238),  temperature  5°.8.  This  is  thus,  probably,  Atlantic  water  which 
has  become  somewhat  mixed  by  friction  with  the  surface  current. 
At  that  period  of  the  year  the  curve  indicates  35  %0  salinity,  or 
the  pervading. temperature-curve  for  5°. 

Now  comes  the  question.  Can  the  eastern  wedge  at  any  time 
of  the  year  traverse  the  Gulf  Stream  either  in  the  direction  of 
Stadt,  as  the  Swedish  scientists  at  first  presumed,  or  southward 
towards  the  Shetland  Islands  and  on  by  the  north  east  coast  of 
England,  as  is  deemed  probable  by  PETTEESSON  and  EKMAN  in  their 
last  treatise  [98]?  In  the  latter  instance,  the  current  might  con- 
tinue in  the  coastal  currents  of  the  North  Sea,  as  indicated  by 
FULTON  [97],  and  convey  the  waters  along  the  shores  of  the  North 
Sea  and  on,  past  the  north  west  coast  of  Jutland,  in  to  the  Skagerak. 

PETTEES.SON  and  EKMAN  find  a  support  to  this  assumption  in 
the  drift  of  a  bottle  which  was  set  afloat  by  RYDEB  off  the  south 
coast  of  Iceland,  which,  after  the  lapse  of  a  year,  was  picked  up 
off  Heligoland. 

Our  chart,  however,  shows  that  the  wedges  of  the  Arctic  current 
are  certainly  stopped  by  the  Gulf  Stream  in  the  month  of  March. 

To  the  north  of  Scotland  the  water  is  very  salt,  and  the  curve 
of  temperature  for  7°  runs  past  the  Shetland  Islands  in  a  north 
easterly  direction  towards  Stadt. 

In  MOHN'S  Chart  of  Temperatures  for  the  Northern  Ocean  for 
March,  the  7°  curve  lies  still  more  northerly  than  we  found  it  in 
1897;  and,  as  will  be  seen  from  the  following,  the  spring  of  1897 
was  unusually  cold  in  the  Northern  Ocean. 

The  western  wedge,  which,  in  63°  N.  lat.,  has  a  surface  tem- 
perature of  2°.6,  is  almost  imperceptible  in  61°  N.  lat.  On  Mr. 
FODEN'S  voyage  from  the  Skagerak  to  Iceland,  3rd  to  9th  March 
1897,  the  temperature  on  his  almost  westerly  course  from  59°  53' 
N.  lat.,  to  63°  8'  N.  lat.,  and  19°  42'  W.  long.,  was  7°  and  up- 
wards, while  the  salinity  throughout  was  35.4  %0,  or  more.  The 


B 


only  thing  along  this  track  which  could  be  observed  as  indicating 
the  presence  of  the  western  Polar  wedge,  was  a  slight  decrease  of 
temperature.  The  8°  curre  of  temperature,  between  17°  and  19° 
West  long.,  runs  almost  up  to  the  Icelandic  coast,  but  at  about 
15°  W.  long.,  turns  to  the  southward,  and  is  only  met  with  again 
in  6°  80'  West  long.,  and  60°  20'  N.  lat. 

The  Arctic  currents  are  therefore  definitely  stopped  in  the 
south;  and  this  also  appears  to  be  the  case  in  the  east.  The 
results  derived  from  the  observations  made  on  board  the  two  sealing 
vessels  on  their  voyage  from  Utsire  to  Jan  Mayen,  shew  that,  off 
Stadt,  the  surface  of  the  Gulf  Stream  is  over  three  degrees  of 
longitude  in  breadth.  It  is  narrowest  in  about  65°  N.  lat.,  where 
a  combination  of  the  surface  layers  from  the  west  and  east  cannot 
be  regarded  as  entirely  excluded.  In  any  case  this  might  be  due 
to  a  hitherto  unknown  eastward-flowing  side  branch  of  the  Polar 
current. 

We  do  not,  however,  regard  such  a  combination  as  likely, 
and  if  such  really  takes  place,  it  is  of  no  material  consequence. 
On  the  one  hand,  namely,  great  bodies  of  water  are  to  be  met 
with  to  the  northward,  of  high  salinity,  and  on,  the  other  hand,  the 
Norwegian  coastal  layers  of  a  like  salinity  as  the  Polar  current 
(84 — 36  %o)  possess  a  higher  temperature  than  the  Arctic  waters. 

On  the  coast  of  Nordland,  the  34  water  is  of  a  warmth,  through- 
out, of  5°  to  6°,  even  during  winter,  whilst  the  temperature  of  the 
Arctic  waters  declines  rapidly  as  they  retire  from  the  Gulf  Stream. 

As  it  now  may  be  considered  proved  that,  in  March,  no  branch 
of  the  Polar  current  traverses  the  Gulf  Stream,  it  is  not  probable 
that  this  can  happen  at  any  other  season  of  the  year.  The  obser- 
vations made  by  the  Danish  Meteorological  Institution  (ROTHE,  [96, 
97])  shew  that  February  and  Marcli  are  the  coldest  months  of  the 
year  between  the  Shetland  Islands  and  Iceland,  the  Polar  current 
having  had  time  throughout  the  winter  to  gain  in  strength  and 
thickness,  whilst  the  Gulf  Stream,  probably  from  the  autumn  till 
then,  has  evenly  diminished. 

According  to  the  accounts  of  the  Swedish  scientists,  the  Gulf 
Stream  ought  to  be  penetrated  in  December,  but  during,  that 
month,  a  pretty  high  temperature  still  prevails  in  the  sea  within 
that  area. 

What  then  becomes  of  the  cold  bodies  of  water  which  move 
in  a  SSE  direction  towards  the  North  Sea? 

As  we  have  seen  that  the  Arctic  water  wedge,  west  of  the 
Faroe  Islands,  is  undoubtedly  absorbed  by  the  warm  Atlantic  water, 
it  is  probable  that  the  eastern  branch  meets  with  a  similar  fate. 
It  must  become  mixed  with  the  north  eastern  offshoot  of  the  Gulf 
Stream  by  which  its  (the  Gulf  Stream's)  temperature  and  salinity 
is  lowered.  Thereby  it  is,  indirectly,  of  great  consequence,  but  the 
Gulf  Stream  is,  however,  so  paramount,  that  the  mixed  currents 
are  of  a  well  defined  Atlantic  nature,  with  a  salinity  exceeding 
35  %o,  and  a  temperature  above  5°.  The  body  of  water  then 
moves  on,  partly  in  a  north  easterly  direction  towards  the  Norwegian 
coast,  and,  partly,  to  the  southward  into  the  North  Sea.  This  will 


explain  the  drift  of  RYDER'S  bottle  from  Iceland  to  Heligoland 
without  its  having  been  necessary  for  Polar  water,  with  its  Arctic 
conditions  to  Mow  across  the  North  Sea. 

By  this  means,  too,  Arctic  organisms  may  well  enter  tin-  North 
Sea  and  Skagerak,  conveyed  by  the  Atlantic  water  which  at  that 
time  of  the  year  is  of  a  temperature  of  5°  to  6°.  High  Arctic 
animals,  such  as  Clione  Hmacina  would  not  be  killed  by  such 
warmth,  as  that  is  not  greater  than  the  Summer  temperature  in 
many  parts  of  the  Polar  current  (see  PI.  2).  It  is  even  probable 
that  the  rise  of  temperature  would  be  favourable,  as  the  Arctic 
waters  are,  in  winter,  exeedingly  destitute  of  organic  life. 

Neither  is  it  impossible  that  such  sensitive  organisms  as  the 
Arctic  diatoms  (ThaUuMOtltrix,  Cotd/nocKtOUS)  are,  in  the  combina- 
tion, transferred  to  the  Atlantic  waters,  but  this  supposition  is  not 
necessary  as  they  are  nevertheless  met  with  in  small  members  in 
most  oceanic  layers,  as  will  be  more  clearly  shown  in  our  next 
chapter. 

The  hydrographic  results  hitherto  attained,  give  thus,  in  our 
opinion,  no  ground  for  assuming  that  the  Polar  current  at  any 
period  of  the  year  traverses  the  Gulf  Stream  itself,  even  by  means 
of  a  thin  superficial  layer. 

PETTKKSMIX  and  EK.MAS  also  acknowledge  ([97],  p.  30)  that 
"In  any  case,  the  hydrographical  grounds  for  this  assumption  can- 
not be  decisive,  unless  other  facts  in  support  of  the  hypothesis  be 
found  in  the  results  of  the  biological  investigations". 

The  biological  conclusions  are,  however,  less  tenable  than  the 
hydrographical.  as  we  shall  subsequently  shew.  The  cold  layers  of 
water  met  with  on  the  coasts  of  Norway  during  winter  must,  there- 
fore, originate  in  some  other  manner. 

A  glance  at  the  Summer  Surface  Chart  of  the  Northern  Ocean 
Expedition  (PI.  2),  and  our  Winter  Chart  (PI.  3)  will  apparently 
convince  one  that  the  changes  in  Norwegian  coastal  waters  can 
only  arise  from  two  factors,  viz.,  the  Atlantic  water  on  the  one 
part;  the  continent  and  atmosphere,  the  water  from  rivers,  the 
warmth  of  the  sun  in  summer  and  the  cold  of  the  winter  on  the 
other.  Is  it,  however,  possible  by  the  aid  of  these  factors  to 
explain  the  changes  which,  as  above  indicated,  are  produced  by 
the  seasons  in  the  Ocean,  and  in  the  distribution  of  organisms? 

If  one  studies  PI.  7,  Fig.  1  a,  which  represents  the  conditions 
of  the  West  Fjord,  Lofoten,  early  in  the  summer,  one  will  perceive 
that  the  salinity  then  is  very  great  in  the  surface  water  of  the 
West  Fjord,  and  that  only  in  towards  the  fjords  (Salten  Fjord) 
are  great  bodies  of  water  met  witli  of  lower  salinity.  HJORT'S 
investigations  during  the  summer  and  autumn  1895,  shew  that  the 
bulk  of  these  numerous  fresher  layers  increased  greatly  during  the 
summer  and  autumn ;  see,  for  instance  the  section  from  Herd  in 
August,  PI.  7,  Fig.  6.  The  chief  changes  in  the  distribution  of 
salinity  and  temperature  in  deep  water,  occur  during  the  month 
of  September.  We  append  here  two  tables  of  observations  on  the 
salinity  and  temperature  at  various  depths  off  the  Nordland  coast, 
one  for  July,  the  other  for  September. 


Depth. 
0  metres 

10   „ 

20   „ 

30   „ 

40   „ 

60   „ 

80  „ 
120  „ 
200 


10th  July 
Salinity. 

34.22  %o 

34.22  „ 

34.55  „ 

34.87  „ 

34.94  „ 

35.03  „ 

35.03  „ 

35.19  „ 
35.38 


30th  September 


Temperature. 
11.1° 
10.42° 

7.75° 

6.° 

5.05° 

4.52" 

4.6o 

4.9° 

5.3° 


Salinity. 

32.10  %0 

32.45  „ 

32.69  „ 

32.75  „ 

33.81  „ 

33.94  „ 

33.94  „ 
34.53 


Temperature. 
9.45° 
9.6° 
9.8° 
9.5° 

10.° 
10.° 
7.8° 


In  comparing  these  two  tables  it  will  be  seen  that 

1.  The   35    curve  which,    in  July,  was   50  m.  below  the   surface 
must  be  sought  for  in  September  at  depths  exceeding  120  m., 
the  34.5  %0  curve  was,  in  July,  at  a  depth  of  20  m.,  but  in 
September  was  found  at  a  depth  of  120  m. 

2.  The  Surface  Salinity  decreased  from  34.2  to  32.1  %0. 

3.  The   Surface  Temperature  sank  from   11°  in  July,  to  972°  in 
September,    but,    as   a  set  off,  the   temperature   down   in   the 
deep  rose   considerably;    for  instance  from  4.6°  at  a  depth  of 
80  m.,  to  10°. 

These  conditions  remind  one  greatly  of  those  which  have 
been  shewn  to  exist  on  PI.  5,  Figs.  3  and  4,  in  respect  to  the  west 
coast.  The  conditions  on  the  banks  in  the  North  are,  however, 
still  more  instructive,  because  it  must  be  presumed  that  the  trans- 
placement  of  the  temperature,  downwards,  is  there  not  so  dependent 
on  currents  as  on  the  west  coast  where  the  Baltic  current  plays  a 
great  part.  It  was,  moreover,  very  instructive  to  find  that  the 
fresh  water  played  a  greater  and  greater  part  the  further  a  fjord 
was  entered. 

It  thus  shews  that  in  the  North,  simultaneously  with  the 
increased  thickness  of  the  fresh  layers,  a  period  of  heavy  rain 
sets  in.  As  the  accompanying  tables  shew,  the  rainfall  increases 
greatly  in  September,  and  from  that  month,  throughout  the  entire 
autumn  until  January  or  February,  a  lengthy  season  of  rain  occurs. 
It  is  an  interesting  fact  that,  just  at  that  time,  the  fresh  layers 
increase  in  thickness,  and  that  it  is  in  the  fjords,  where  the  rain- 
fall through  the  agency  of  the  rivers  is  most  perceptible,  that  the 
layers  chiefly  increase.  One  factor,  which  also  must  be  regarded 
as  of  great  weight  in  respect  to  these  conditions,  is  the  influence 
of  the  winds. 

If,  in  accordance  with  the  annual  reports  of  the  Meteorological 
Institute,  one  draws  curves  representing  the  frequency  of  the  various 
winds  during  the  various  months  of  the  year,  it  will  be  seen  (as  is 
also  shewn  in  Capt.  RUNG'S  atlas  of  the  barometrical  pressure  over 
the  Northern  Ocean)  that,  during  summer,  westerly  winds  are  the 
most  prevalent  along  the  whole  of  the  north  west  coast  of  Norway. 
These  must,  during  the  summer,  contribute  to  force  the  Atlantic 
waters  in  towards  the  land.  On  the  other  hand,  during  the  aut- 
umn and  winter  the  direction  of  the  wind  is,  to  quite  a  paramount 
extent,  south  easterly,  interrupted,  however,  occasionally,  by  westerly 
gales.  The  south  easterly  winds  thus  drive  the  water  out  of  the 
fjords  to  the  banks,  and  the  gales  must,  on  the  whole,  mix  up  the 
bodies  of  water,  and  that  to  a  great  depth. 


That  such  a  mixture  must  take  place  to  a  very  great  extent 
is  clear,  it  appears  to  us,  from  the  salinity  becoming  steadily  less 
as  the  autumn  advances.  The  homogeneousness  is  greatest  in 
January  and  February,  as  both  the  atmosphere  and  the  fresh  water 
from  the  rivers  cool,  especially,  the  upper  layers. 


Fig.  1 .     Kainfall  in  millimetres,  during  the  various  months  of  the  year,  at 

Svolvfer  and  Floro. 

It  is  known  that  layers  of  water  of  different  specific  gravities 
are  not  at  all  inclined  to  combine.  Thus  the  Baltic  current, 
during  the  summer,  floats  upon  the  salter  layers  beneath,  without 
its  being  possible  to  observe  any  admixture. 

These  conditions  do  not,  at  all  events,  exist  in  the  North 
during  the  autumn,  or  in  western  Norway.  This  is  seen,  for  in- 
stance, when  the  density  of  the  water  during  the  winter  at  various 
depths  is  calculated.  The  density  of  the  Ocean  water  during  the 
various  months  of  the  year  may  be  calculated  from  Figs.  5  and  6. 
If  one  takes  an  example  from  February,  one  obtains  the 
following  figures :  — 

0  metres    1.02666 

10       „         2666 

20       „         2664 

30       „         2670 

40       „         2679 

50       „         2681 

60       „         2679 

70       „         2678 

80       „         2670 

90       „         2681 

100       „         2686 

110       „         2682 

120       „         2683 

130       „         2689 

140       „         2689 

150       „         2688 

160       „         2688 

170       „         2689 

180       „          2691 

190       „          2696 

200       „         2697 

210       „         t        2700 

220       „          '        5705 

2,50       „         2710 

240       „         2715 

250  1.02720 
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If  it  be  remembered  that  the  limit  for  the  accuracy  of  the 
method  of  investigation  may  be  set  at  1  in  the  fourth  decimal,  it 
will  be  seen  that  there  has  been  an  almost  homogeneous  layer,  in 
respect  to  density,  from  the  surface  to  the  bottom.  Under  such 
circumstances  the  power  of  the  wind,  as  well  as  that  of  cold  above, 
must  play  a  great  part.  Cooling  from  above  would  naturally  upset 
the  balance,  as  the  upper  particles  would  become  heavier  and  con- 
sequently sink  down  through  the  lower  and  light  layers.  According 
to  MOHN,  the  cooling  of  sea  water  from  6°  to  5°  would  thus  in- 
crease the  specific  gravity  by  1.2,  from  6°  to  4°  by  2.3,  and  from 
6°  to  3°  by  3.3  in  the  fourth  decimal.  A  cooling  of  the  surface 
layers  by  3°  would  thus,  from  the  above  example,  cause  them  to 
sink  to  a  depth  of  200  in. 

Even  the  distribution  of  temperature  shews,  moreover,  that  a 
vertical  circulation  must  take  place.  Warmth  spreads  very  slowly 
through  water  when  its  diffusion  is  not  encouraged  by  circulating 
currents.  The  vertical  circulation  may  be  checked  when  the  salinity 
at  the  surface  is  much  less  than  at  the  bottom,  this  causing  a 
great  difference  in  its  specific  gravity.  Thus,  in  the  upper  part  of 
the  Christiania  Fjord,  in  September  1897,  the  temperature,  at  a 
depth  of  60  metres,  was  but  6°,  whilst  the  surface  temperature  was 
13  to  14°.  On  the  west  coast  where  the  continental  warmth  is 
less,  the  temperature  at  a  similar  depth  was,  in  September,  about 
12°  (see  PI.  5,  Fig.  3).  There  the  vertical  circulation  must,  there- 
fore, have  been  very  considerable,  much  greater  indeed  than  in  the 
Christiania  Fjord. 

MURRAY  [88]  reports  some  interesting  examples  of  the  power 
of  the  wind.  A  Scotch  freshwater  loch  was  examined  before  and 
after  a  gale.  Whilst  the  isotherms  prior  to  the  storm  were  all 
parallel  with  the  surface  (a  proof  of  the  quiet  state  of  the  lake)  it 
was  observed,  shortly  after  the  gale,  that  a  great  portion  of  the 
warm  water  had  been  blown  to  one  end  of  the  lake. 

As  will  be  seen  from  the  following  outline,  all  the  isotherms 
after  the  gale  run  towards  the  bottom  in  the  direction  the  wind. 


Fig.  2.     Section   of  a  Scotch   lake  after  a  gale,   in  the  direction  indicated  by 

the  arrow.     From  a  copy  of  MURRAY'*  Treatise  in  the  Scotch  Geographical 

Magazine  1888    by  VON  ROHX. 

MURRAY  has  also  shewn,  from  other  observations,   that  gales 
can  even  force  the  warm  water  beneath  the  cold,  and  in  such  a 


case  a  mixture  takes  place.  The  Norwegian  coastal  waters  are, 
during  winter,  just  as  homogenious  in  regard  to  specific  gravity 
as  those  of  a  lake  where,  in  summer,  various  degrees  of  tempera- 
ture are  met  with  at  various  depths;  and  when  it  is  reimiinliriv<l 
that  the  sea  will  break  off  the  west  coast  of  Norway  in  20  fathoms 
of  water,  it  will  be  perceived  that  also  there  a  great  mixture  must 
take  place. 

If,  however,  it  proves  to  be  the  case  that  the  formation  of 
the  various  layers  of  water  takes  place  in  the  manner  previously 
indicated  from  mere  local  causes,  great  fluctuations  can,  nevertheless, 
according  to  one  opinion,  take  place  in  the  bodies  of  water.  The 
Scandinavian  coastal  waters,  from  the  Scaw  to  Finmarken,  must  be 
regarded  as  one  hydrographical  system  which  certainly  is,  mainly, 
in  motion  northwards  along  the  shores  of  Norway,  but  which  by 
the  force  of  wind  may  be  turned  in  various  directions.  It  is  espe- 
cially interesting  to  know  from  the  Swedish  investigations,  that  great 
changes  can  take  place  in  the  Swedish  fjords,  as  at  one  moment  a 
fjord  may  be  filled  with  fresh  Baltic  Water,  while  at  another  the 
salter  water,  the  so  called  "Bank  Water",  of  a  salinity  of  32  to 
30  %o,  can  force  its  way  in.  It  thus  proves,  what  the  Swedish 
Scientists  have  indicated,  that  where  great  differences  exist  in  the 
specific  gravity  of  the  layers,  they  remain  like  two  very  different 
seas  who  do  not  associate  the  one  with  the  other.  The  summer 
conditions  are  very  instructive.  In  the  Christiania  Fjord,  for  in- 
stance, the  cold  water  of  the  previous  winter  will  be  found  along 
the  bottom,  while  the  warm  fresher  layers  appear  on  the  surface. 

Even  if  the  amalgamations  thus  play  a  great  part,  it  is,  how- 
ever, seen  that  they  do  not  occur  rapidly,  and  that  layers,  once 
formed,  can  often  exist  for  long  periods  of  the  year,  without  being 
much  affected  by  the  influence  of  the  super-jacent  waters.  In  the 
course  of  a  long  time,  months  for  instance,  the  great  differences 
may,  successively,  be  overcome,  and  two  layers  become  amalgamated 
to  one. 

We  have  thus  come  to  the  conviction  that  the  changes  in  the 
Norwegian  coastal  waters  are  dependent,  mainly,  on  the  Gulf  Stream 
on  the  one  hand,  and,  on  the  other,  on  local  causes.  The  Polar 
current  has  no  direct  influence;  but  our  investigations  prove  that 
it  is  of  a  thickness,  which,  indirectly,  must  have  the  greatest  in- 
fluence on  the  entire  current-system  of  the  North  Atlantic,  and 
the  climate  of  Northern  Europe.  And  its  importance  is  still  further 
increased  through  the  periodical  variations  in  its  thickness  and 
distribution. 

Whilst  the  Polar  current  withdraws  during  the  Summer  to 
the  north  eastern  coast  of  Iceland,  and  the  Gulf  Stream  fills 
the  whole  of  the  central  portion  of  the  Northern  Ocean,  the  Polar 
current  increases  in  thickness  during  the  winter,  the  Gulf  Stream 
retires,  and  its  waters  become  partly  blended  with  water  from 
the  coast. 

NANSEN  likewise  reports  [97]  that,  during  the  winter,  the  flow 
of  the  surface  waters  of  the  Arctic  Ocean  was  in  the  direction  of 
the  Northern  Ocean  and  the  Atlantic,  whilst  the  currents  during  the 
Summer  are  varying,  in  part,  the  reverse  of  those  of  the  winter. 

Still  more  interesting  than  the  annual  periodical  fluctuations  of 
the  Polar  current,  is  the  fact  that,  from  our  observations,  it  varies 
in  its  development  in  different  years. 
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On  PI.  4,  will  be  seen  two  hydrographical  sections  made  in 
the  middle  of  May  1896  and  1897,  on  board  the  cruiser  "Heimdal". 
Both  were  made  on  the  same  line  from  about  61°  N.  lat.,  4°  E. 
long.,  to  67°  N.  lat.,  8°  W.  long.  The  difference  between  the  two 
is  perceptible.  In  1896,  the  Gulf  Stream  was  twice  as  broad  on 
the  surface  as  in  1897,  and,  in  the  deep,  it  is  met  with  on  great 
areas  beneath  the  shallow  Polar  current  at  a  depth  of  100  to  150 
metres.  In  1897,  on  the  other  hand,  the  Polar  current  is  at  least 
200  metres  in  depth,  down  as  far  as  64°  N.  lat.,  on  the  meridian 
of  Greenwich.  The  consequence  of  this  was,  that  the  temperature 
throughout,  was  2°  lower  in  1897  than  in  1896. 

Comparisons  shew  that  the  condititions  can  vary  greatly  at 
like  seasons  in  different  years.  The  cause  of  this  may  be  due 
to  the  derangement  of  the  seasons,  or  also  to  the  Gulf  Stream 
and  Polar  current  not  having  a  like  development  in  different  years. 

Several  points  favour  the  latter  hypothesis.  If  one  lays  down 
the  track  of  the  "Heimdal"  in  May  1897,  on  the  chart  for  March 
of  that  year,  it  will  be  seen  that  the  boundary  of  the  Polar  cur- 
rent on  that  line  is  pretty  well  unchanged  between  March  and  May. 
On  the  other  hand,  it  may  happen  in  certain  years  that  the  surface 
temperature  in  March,  can  be  so  distributed  that  the  Heimdal  line 
could  be  marked  down  to  represent  it. 

Professor  Mom?  has  been  so  kind  as  to  allow  us  to  make  use 
of  the  original  observations  from  which  he  constructed  his  Chart  of 
Temperature  for  March.  It  appears  that  in  some  years,  for  instance 
1867,  that  the  5°  curve  of  temperature,  which  may  be  looked  upon 
as  the  boundary  of  the  Atlantic  water,  makes  a  great  turn  towards 
the  northwest,  in  the  direction  of  Jan  Mayen,  up  to  63°  N.  lat., 
5°  W.  long.,  and  that  the  8°  curve  can  pass  many  miles  to  the 
north  east  of  the  Shetlands  (for  instance  in  1867,  1883). 

It  thus  appears  as  if  the  Polar  current  were  differently  deve- 
loped in  different  winters,  and  in  1897,  it  seems  to  have  been  of 
an  unusually  great  thickness.  This  is  also  confirmed  by  comparing 
the  curves  of  temperature  on  PI.  3,  with  MOHN'S  Chart  of  Tempe- 
rature for  March  [87,  pi.  XXVIII],  which  was  constructed  on  the 
average  temperature  from  the  observations  of  19  years  (1867 — 85). 

In  the  southern  portion  of  the  Northern  Ocean  the  curves 
(especially  those  for  3°,  4°  and  5°),  in  1897,  are  further  towards 
the  south  and  east  than  in  average  years,  but  as  a  counterbalance 
to  this,  unusually  high  temperatures  will  be  found  along  the  south 
coast  of  Iceland. 

The  ice-conditions  too,  can,  according  to  RTDEB'S  investigations 
vary  greatly  from  one  year  to  the  other*). 

As  will  be  seen  from  the  Danish  Ice  Charts,  the  boundary  of 
the  ice  remains  somewhat  unchanged  throughout  the  months  of 
March,  April  and  May.  RYDEB  likewise  states  [96,  p.  24]  "The 
boundary  of  the  ice,  under  the  influence  of  prevailing  winds  may 
change,  somewhat,  backwards  and  forwards,  but,  in  the  main,  retains 


*)  RTDEB  [96].  See  also  the  Reports  of  the  Danish  Meteorological  Insti- 
tute on  the  Ice-conditions  in  the  waters  east  of  Greenland,  and  in  Davis  Straits 
[1893—97]. 


its  position  until  the  end  of  May.  On  the  other  hand,  in  June, 
the  boundary  of  the  ice  commences  to  retire  in  a  westerly  direc- 
tion with  a  growing  speed,  which  increases  very  considerably  in 
July  and  August." 

We  have  above  shewn  that  also  the  distribution  of  the  layers 
probably  remains  somewhat  unaltered  from  March  to  May. 

If  now  a  comparison  is  made  between  the  spread  of  the  ice, 
and  the  conditions  of  the  current  in  the  spring  of  the  two  years 
1896  and  1897,  it  will  be  seen  that  there  was  more  ice  to  the 
north  and  east  of  Iceland  in  1896  than  in  1897,  which  was  an 
unusually  open  (ice-free)  year.  In  1883,  when  the  conditions  of 
the  current  were  somewhat  similar  to  those  of  1896,  there  was 
likewise  much  ice. 

From  the  results  already  obtained,  it  thus  appears  that  the 
Polar  current,  east  of  Iceland,  is  strongest  .in  those  years  when 
there  is  least  ice  in  those  parts.  But  it  must  be  left  to  future 
investigations  to  discover  the  regular  connection  between  those 
phenomena, 

In  their  latest  report  [98],  PETTEESSON  and  EKMAN  give  an 
account  of  some  observations  on  the  distribution  of  the  Gulf  Stream, 
between  Spitzbergen  and  Norway,  during  the  summers  of  1896  and 
1897.  They  have  discovered  that  the  Gulf  Stream,  in  those  parts, 
was  unusually  thick  in  1897;  while  in  1896  it  did  not  extend  so 
far,  but,  nevertheless,  still  further  than  noted  in  the  observations  of 
the  Northern  Ocean  Expedition  during  1876 — 78. 

Whilst  thus,  in  1897,  the  Atlantic  water,  between  Iceland  and 
Norway,  had  withdrawn  unusually  far  back  until  the  first  half  of 
May,  in  the  latter  days  of  the  same  month  it  was  of  unusual 
thickness  between  Norway  and  Spitzbergen. 

These  facts  are,  however,  still  too  isolated  to  allow  of  our 
coming  to  any  definite  conclusions  from  them.  The  conditions 
are  complicated,  and  systematic  investigations  must  be  made  at 
all  seasons,  for  many  years,  if  any  complete  knowledge  of  the 
system  of  currents  is  to  be  gained. 

The  observations  that  have  already  been  carried  out  but  shew 
the  hydrographical  variations  in  the  Northern  Ocean  to  be  so 
great,  that  they  may  be  presumed  to  have  an  important  influence 
on  the  changes  which  both  the  migration  of  the  fishes,  and  the 
meteorological  conditions  prove  to  exist  from  one  year  to  another. 
The  connection  between  the  hydrographical  conditions  and  the 
meteorological,  has  already  been  indicated  by  0.  PETTERSSON  [96], 
and  still  further  reported  on  by  MEINHARDUS  [98]. 

By  means  of  the  International  co-operation  now  being  carried 
on,  the  question  will  undoubtedly  be  solved,  though  craving  much 
labour,  and  it  can  hardly  be  expected  that  any  great  results  will 
be  arrived  at  until  the  investigators  have  a  sea-going  steamer  at 
their  disposal  throughout  the  entire  year.  Up  to  the  present  they 
have  been  dependent  on  the  goodwill  of  private  individuals,  and 
observations  in  the  open  sea  have  only  been  carried  out,  when 
opportunity  offered,  during  those  seasons  of  the  year  in  which  the 
sealing  vessels  sail  to  the  Arctic  Ocean. 


II,    Plankton  Studies, 


PURELY  hydrographical  studies  of  temperature,  salinity,  the  flow 
of  currents  &c.  &c.  cannot  of  themselves  give  such  an  insight 
into  the  system  of  ocean  currents  and  climate,  as  can  be  gained 
by  simultaneously  investigating  the  development  and  distribution  of 
organisms,  and  endeavouring  to  find  out  the  connection  between 
the  hydrographical  and  biological  relations. 

It  has  already  been  shown,  from  numerous  observations,  that 
the  hydrographical  conditions  are  of  the  greatest  importance  on 
Marine  Organisms.  This  is  best  known  in  respect  to  those  of  the 
bottom;  and  PETEKSEX'S  work  in  the  Cattegat  [85],  and  LORKNX.  s 
detailed  monograph  on  the  Bay  of  Quarnero  [63],  have  contributed 
important  additions  to  the  enlightenment  of  the  bottom  organisms' 
dependence  on  the  hydrographical  conditions. 

The  study  of  the  Plankton  Organisms,  has  only  been  taken 
up  of  late  years;  and  it  is  mainly  the  Swedish  biologists  GLEVE 
and  Ai'KiviLLirs,  who  together  with  the  hydrographers  PETTEHSSON 
and  EKMAX,  have  sought  for  the  connection  between  the  periods 
of  the  Plankton's  appearance,  and  the  hydrographical  variations. 

The  above  named  scientists  are  of  the  opinion  that  the  various 
ocean  territories  are  characterised  by  special  organisms  which 
accompany  the  waters  in  their  flow.  Therefore,  they  assume  that, 
the  origin  of  a  current  can  be  determined  by  investigating  its 
Plankton. 

In  order  to  determine  the  value  of  such  a  conclusion,  one  must 
be  fully  conversant  with  the  distribution  and  conditions  of  life  of 
such  organisms,  and,  therefore,  before  we  enter  more  minutely  into 
the  results  arrived  at  by  the  Swedish  scientists,  we  will  give  a 
review  of  the  biology  of  the  Plankton  Organisms,  and  especially 
that  of  the  Pelagic  Diatoms. 

Like  as  is  done  by  HACKEL  [90],  we  divide  the  Plankton 
Organisms  into  Oceanic  and  Neritic  groups.  The  Oceanic  forms 
inhabit  the  open  sea,  are  entirely  independent  of  the  bot- 
tom, and  can  go  on  propagating  in  their  floating  condition  without 
undergoing  any  regular  phase  of  development.  They  can  be  driven 
in  to  the  coast  by  ocean  currents,  and  many  can  continue  to  pro- 
pagate there  provided  the  conditions  are  favourable,  in  such  a  case 
becoming  mixed  with  the  Neritic  forms. 

The  Neritic  Plankton  Organisms  are  in  some  manner  or  other 
dependent  on  the  bottom;  and  this,  in  respect  to  the  various  species, 


can  be  conditional  on  very  diverse  causes.  Thus  there  will  be 
found  in  the  Neritic  Plankton  a  quantity  of  larva  forms  of  animals, 
which  in  a  matured  state  belong  to  the  fauna  of  the  bottom  and 
the  coasts  (for  instance  fish,  echinoderms,  annelids).  Some  others, 
such  as  the  medusae,  undergo  established  phases  of  youth,  whilst  the 
matured  individuals  belong  to  the  Plankton. 

Other  Neritic  Organisms  can  certainly  live  and  increase  unhin- 
dered in  a  floating  state,  but  experience  teaches  us  that  they,  never- 
theless, keep  exclusively  to  the  shallow  waters  of  the  coast.  They 
must,  therefore,  for  some  reason  or  other,  be  dependent  on  the  bot- 
tom, and  its  influence  on  the  waters.  This  especially  affects  the 
lower  organisms  of  the  Plankton,  the  Pelagic  Alga),  which  constitute 
the  primitive  nourishment  to  be  met  with  in  the  ocean,  and  most 
of  these  are  to  be  found  mainly  along  the  coast. 

In  the  North  Atlantic,  the  Vegetable  Plankton  consists  alnn^t 
entirely  of  Diatoms  and  Peridins. 

Both  these  groups  of  plants  consist  of  one-celled  organisms, 
which,  occasionally,  may  be  united  in  a  chain-like  colony,  in  which, 
however,  each  link  possesses  entire  independence. 

Propagation  occurs  by  a  parting,  or  dividing  of  the  floating 
individuals,  and  continues  excessively  rapidly  so  long  as  the  outer 
conditions  of  life  are  favourable  to  the  species  concerned. 

But,  under  certain  circumstances,  which  as  yet  are  but  little 
known  in  respect  to  the  individual  species,  the  partition  of  the 
cells  ceases,  and  in  the  Neritic  forms  thick  walled  Cysts  or  Resting 
Spores  are  formed  which  fall  to  the  bottom. 

The  Cysts  are  best  known  from  the  Pelagic  Diatoms,  which  \\v 
therefore  describe  at  greater  length. 

The  (Jells  of  the  Pelagic  Diatoms  are  for  the  most  part  very 
thin  walled,  the  protoplasm  forming  a  thin  sack  within  the  walls, 
whilst  the  greater  portion  of  the  interior  of  the  cell  consists  <>t  .1 
large  sap  vacuole.  On  account  of  this  construction  the  capacity  of 
the  cell  is  very  great  in  comparison  to  its  solid  substance,  while 
the  specific  gravity  is  relatively  little,  but  little  greater  than  that 
of  the  sea  water. 

In  consequence  of  this  the  alga  sinks  but  very  slowly  to 
the  bottom,  even  if  it  does  not  by  its  own  powers,  viz.,  by  the 
formation  of  gas,  keep  afloat.  Moreover,  the  surface  is  often 
covered  with  hollow  hairy  growths  (as  in  Chcetoceros),  or  fine  slimy 
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threads  proceed  from  hollow  spines  (as  in  Thalassiosira*),  which 
contribute  to  the  alga's  powers  of  flotation. 

At  the  same  time  that  these  peculiarities  in  the  construction 
of  the  alga  are  favourable  to  it.  in  its  floating  state,  so  long 
as  the  conditions  of  life  are  propitious,  they  weaken  its  powers  of 
resistance  to  variations  in  the  physical  and  chemical  condition  of 
the  ocean.  In  the  open  sea  the  changes  are  slight,  and  take  place 
gradually;  but,  near  the  coast,  much  fresh  water  combines  with 
the  sea  water,  and  the  temperature  varies  much  more  there  with 
the  seasons  than  in  the  open  sea  in  corresponding  latitudes. 

As  a  protection  against  such  variations,  the  Neritic  Diatoms 
are  given  their  spores,  which  are  formed  towards  the  close  of  the 
period  of  vegetation. 

The  protoplasms  of  the  cells  withdraw  from  the  hairs  (in  Chce- 
toceros),  and  away  from  the  walls  of  the  cell,  first  on  one  side, 
where  a  new,  thicker,  arched  valve  forms  inside  the  old  one,  thus 
dividing  the  original  cell  into  two  spaces,  of  which  only  one  con- 
tains the  protoplasm.  Subsequently,  the  protoplasm  withdraws  from 
the  other  side  of  the  original  cell,  and  becomes  enshrouded  in  a 
thick,  strong  silicious  shell.  The  spore  is  than  fully  formed,  but 
remains  enclosed  within  the  walls  of  the  original  cell  until  that  falls 
off  or  dissolves.  The  substance  of  the  cell  has  now  become  reduced 
to  half  or  quarter  of  its  former  capacity,  and  the  walls  are  about 
three  times  as  thick  as  the  vegetal  cell  walls.  The  walls  may 
often  be  furnished  with  spines  or  other  appendages,  but  these 
spines  are  solid,  not  hollow  like  the  hairs  of  the  vegetal  cells. 

In  the  different  families  and  species,  the  method  of  formation 
of  the  spores  varies  somewhat  in  the  details,  but  in  most  of  them  it 
takes  place  in  the  manner  above  described,  and  has  already  been 
accurately  defined  by  SCHUTT  [88]  in  respect  to  some  Neritic  Chce- 
toceros  species  from  the  Bay  of  Kiel. 

As  soon  as  a  species  commences  to  form  spores  it  gradually 
disappears  from  the  Plankton,  the  spores  sinking  to  the  bottom  as 
indicated  by  SCHUTT  [88].  They  possess  a  much  greater  power  of 
resistance  than  the  vegetal  cells,  as  the  diffusion  takes  place  less 
rapidly  through  the  thick  cell  walls.  Thus,  for  instance,  they  are 
much  more  slowly  discoloured  by  alcohol  than  the  vegetal  cells. 

The  spores  have  been  known  from  the  earliest  period  of  dia- 
tomic research.  The  diatoms  have  been  mostly  sought  for  in  samples 
from  the  bottom,  in  which  the  vegetal  cell-walls  of  the  Pelagic  forms 
are  very  seldom  met  with,  whilst  the  spores  are  found  somewhat 
frequently. 

Owing  to  this  it  is  that  EHEENBEKG  [45]  has  figured  several 
forms  of  spores,  without  however  knowing  their  true  character. 
The  first  species  of  the  Chcetoceros  was  but  described  from  the 
spores,  whilst  the  accompanying  vegetal  cells  were  only  dis- 
covered many  years  afterwards  (Chcetoceros  didymum,  Ch.  fur- 
cellatum). 

Spores  within  the  vegetal  cells,  the  so-called  inner  cells, 
were  first  described  by  BHIGHTWELL  [56]  in  the  Chcetoceros  Wighami, 
subsequently  by  LAUDEB  [64]  in  some  species  of  Chcetoceros  obtained 
from  Hong  Kong,  and  in  the  Bacteriastrum  varians  later  by  CASTRA- 


*)  A   detailed   account  of  the   organic  structure  and  various   floating   ap- 
pliances  of  the  Plankton  Diatoms  i>  given  by  SCHUTT  [93]. 


CANE  [79],  GRUNOW  [84],  and  by  others.     It  was  first  SCHUTT  who 
subjected  them  to  a  detailed  investigation. 

By  the  efforts  of  CLEVE  [94,  96,  1—2,  97]  and  GRAN  [97, 
1—2]  spores  have  been  shown  to  exist  in  most  of  the  Neritic 
Diatoms  found  on  our  shores,  and  these  are  also  being  discovered 
in  species  in  which  they  were  formerly  unknown.  We  therefore 
consider  it  likely  that  in  the  course  of  time  they  will  be  iound  in 
all  Neritic  forms. 

Up  to  the  present  they  are  known  to  exist  in  the  following 
28  species  of  the  Norwegian  coasts. 

Bacteriastrum  varians 
Biddulphia  aurita 

mobiliensis 
Chcetoceros  cinctum 

constrictum 
contortum 
coronatum 
curvisetum 
debile 
diadema 
didymum 
furcellatum 
gracile 
laciniosum 
radians 
Schuettii 
scolopendra*) 
seiracanthum 
simile 
sociale 
teres 

Weissflogii 
Wighami 

Fragilaria  oceanica 
Melosira  hyperborea*) 
Rhizosolenia  setigera 
Thalassiosira  gravida 
hyalina 
NordensTcioldii 

The  Norwegian  Neritic  Diatoms  in  which  the  spores  are  not 
yet  known,  consist  of  the  following  only,  apart  from  the  true  rarities : 

Cerataulina  Bergonii  Lauderia  annulata 

Chcetoceros  crinitum  Leptocylindrus  danicus 

Willei  Podosira  glacialis 

Coscinodiscus  polychordus  SJceletonema  costatum 

Ditylum  Brightwelli  Thalassiosira  gelatinosa 

Eucampia  Zoodiacus  (=  Coscinodiscus  exentricus  v. 
Guinardia  flaccida  gelatinosa). 

Most  of  these  are  rare  species,  we  having  met  with  but  three 
in  any  great  number  (Guinardia  flaccida,  Leptocylindrus  danicus, 
STteletonema  costatum).  It  may,  however,  occasionally  be  difficult 
to  determine  whether  a  species  is  oceanic  or  neritic,  especially  if 


*)  According  to  new,  and  still  unpublished  observation*   by  GKAK. 


it  onlj  rarely  appear*,  and  then  in  small  numbers.  It  is,  therefore, 
not  improbable  that  some  of  the  latter  species  which  have  been 
denoted  above,  will,  on  further  investigations  being  made,  prove 
to  be  oceanic  (for  instance  (Juinardia). 

The  spores  are  also  known  to  exist  in  a  number  of  fresh 
water  forms.  In  the  Plankton  Diatoms  of  lakes,  they  have  only 
been  known  of  later  yean  (LACTERBURN  [96],  B.  SCHRODER  [97]), 
as  those  alga?  themselves  were  only  discovered  a  few  years  ago. 
But  in  bottom-forms,  and  especially  in  those  species  which  in- 
habit ponds  and  pools,  they  have  long  been  known  and  spoken 
of  under  various  names  such  as,  inner  cells,  gemma;  "Crati- 
cular-Zust&nde";  see  PFITZER  [71].  Other  freshwater  alga? 
have  also  similar  cysts  as  the  diatoms. 

In  the  freshwater  forms  they  appear,  especially  when  the  ponds 
dry  up.  The  alga?,  by  their  aid,  repose  in  the  dry  mud  until  they 
again  obtain  favourable  conditions  for  their  development.  This 
power  of  resting,  which  is  a  necessary  condition  for  populating  the 
pools  with  life,  is  also  met  with  in  animals  of  various  kinds;  Cru- 
stacea?, rotatories,  and  other  dwellers  of  the  ponds  can,  like  the 
alga,  form  encysted  resting  stadia. 

In  these  organisms  the  spores  chiefly  serve  the  purpose  of 
preventing  them  from  drying  up.  The  outer  conditions  which 
lead  to  the  formation  of  spores  in  the  Marine  Plankton  are  still 
unknown.  Neither  does  one  as  yet  know  anything  concerning  their 
sprouting,  or  the  conditions  under  which  such  takes  place. 

The  physical  and  chemical  factors  which,  it  may  be  presumed, 
are  of  importance  to  the  life  of  the  alga?,  are  light,  warmth,  and 
the  chemical  constitution  of  the  sea  water.  All  these  factors  vary 
most  in  the  upper  layers  of  water,  whilst  the  conditions  as  a  rule 
become  more  uniform  the  deeper  one  descends. 

If  now  the  spores,  as  we  presume,  are  of  any  consequence  to 
the  continued  existence  of  the  species,  then  the  diatoms  must  be 
not  only  dependent  on  the  hydrograpliical  conditions  of  the  surface 
layers  in  which  they  vegetate,  but  the  hydrograpliical  conditions  at 
the  bottom  must  also  be  of  such  a  nature  that  the  spores  may 
periodically  rest,  or  be  roused  into  sprouting.  If  a  rich  Neritic 
Flora  is  to  have  a  chance  of  developing  itself,  and  he  annually 
renewed  from  spores  at  the  bottom,  the  latter  must  not  lie  beyond 
such  a  depth  as  to  allow  of  the  yearly  variations  in  light,  tem- 
perature AT.  reaching  it. 

Our  deep  Norwegian  fjords,  which  are  constantly  dark  at  the 
bottom,  and  where  the  bottom-temperature  throughout  the  year  can 
only  vary  from  1°  to  2°  degrees,  cannot  be  expected  to  contain 
any  stationary  Neritic  Plankton.  On  the  other  hand,  in  shallow 
fjords  or  coastal  waters,  the  light  can  penetrate,  and  the  annual 
periods  of  temperature  can  be  perceived,  more  or  less  perceptibly, 
down  to  the  bottom  itself.  There  during  summer  a  rich  flora 
of  southern  forms  can  be  roused  to  life,  which  rest  during  the 
winter,  whilst,  on  the  other  hand,  during  that  season,  the  northern 
species  can  meet  with  so  low  a  temperature  as  to  allow  of  their 
growing  up. 

From  this  point  of  view  we  will  compare  the  Neritic  Flora  of 
the  various  northern  coastal  waters,  which  hitherto  has  been  best 
known,  and  endeavour  to  shew  that  the  true  conditions  correspond 
exactly  to  our  assumption  of  the  importance  of  the  bottom. 


The  typical  specimen  of  a  shallow  fjord  is  Lira  Fjord,  whose 
remarkable  plankton-conditions  have  been  described  by  Dr.  C.  G. 
JOB.  PETKHSKX  in  his  lately  published  work  [98]. 

The  depth  of  the  fjord  averages  3  to  4  fathoms,  and  the  hy- 
drograpliical conditions  may  be  regarded  as  unique  from  the  sur- 
face to  the  bottom. 

The  temperature  may  vary  from  0.3°  to  18°.4  Celsius.  Ac- 
cording to  PKTERSEN'S  investigations,  the  Plankton  is  excessively 
abundant  for  most  part  of  the  year,  and  notwithstanding  that  tin- 
water  in  the  Li  in  Fjord  is  in  constant  movement  from  the  North 
Sea  to  the  Cattegat,  it  nevertheless  possesses  a  Plankton  Flora, 
which  both  in  quality  and  quantity  is  sharply  defined  from  that 
of  the  North  Sea,  and  which  is,  in  the  main,  different  from  that 
of  the  Cattegat. 

The  Lira  Fjord  also  possesses  a  local,  stationary  Diatom-Plank- 
ton which  changes  in  composition  witli  the  seasons,  but  which  proves 
to  be  quite  different  from  the  Plankton  in  the  neighbouring  seas  at 
all  times  of  the  year,  as  is  proved  by  PETERSEN  who  carried  out 
three  series  of  continuous  observations  throughout  the  Lim  Fjord 
from  the  North  Sea  to  the  Cattegat  (October  96,  April  and  July  97). 

The  various  species  succeed  each  other  with  the  seasons.  In 
December  and  January,  the  Plankton  is  very  scarce;  in  February, 
and  especially  in  March,  the  winter  forms  (BidduJphia  nur'itii. 
Lauderia  cystifera)  appear;  in  April  these  are  succeeded  by  the 
spring  forms,  which  in  that  month  bring  the  amount  of  Plankton 
to  a  maximum.  In  .May  and  June,  the  Plankton  is  somewhat  less, 
but  during  the  summer  months  of  July — September  the  fjord  was 
again  tilled  with  great  quantities  of  diatoms,  especially  ChcetocerosdiJiili: 

All  those  species  which  characterise  the  Lim  Fjord  Plankton 
an-  Xeritic  forms  which  produce  spores.  PETKHSKN  concludes  that 
rich  Diatomic  Plankton  must  originate  in  the  Limfjord  itself  from 
the  interaction  of  the  bottom  and  the  waters  that  flow  in  to  the 
fjord.  Of  what  this  interaction  consists  he  cannot  express  any 
decided  opinion. 

It  appears  to  be  his  idea  that  the  great  development  of  the 
Plankton  Flora  in  the  Lim  Fjord  is  due  to  the  exceptionally  fav- 
ourable conditions  that  are  present  there,  as  a  greater  amount  of 
nitrogenous  compounds  are  conveyed  to  its  waters  than  is  to  be 
met  with  in  the  open  sea,  or  deep  fjords. 

This  idea,  which  in  connection  with  other  matters,  was  first 
promulgated  by  HKNSI.N.  and  subsequently  by  STRODTMANN  [!Hi|, 
has  been  adopted  in  respect  to  the  Plankton  in  lakes,  seems  to  be 
well  founded,  when  it  is  remembered  that  the  open  sea  is  highly 
deficient  in  nitrogenous  compounds, 

In  the  mud  of  shallow  fjords  a  great  mass  of  organic  sub- 
stances are  always  present,  which,  gradually  rotting,  give  off  nitro- 
gen to  the  water. 

This  factor,  however,  only  becomes  of  consequence  provided 
germs  are  present  which  can  utilise  the  favourable  conditions  of 
nourishment.  One  may  imagine  that  the  diatoms  enter  the  fjord 
from  without,  and  the  oceanic  species,  which  especially  in  May  and 
June  appear  in  quantities,  are  probably  introduced  by  the  in-flowing 
curr  nts. 

But  the  Plankton  of  the  Lim  Fjord  chiefly  consists  of  Neritic 
forms,  and  as  the  Neritic  Flora  of  the  fjord  is  different  from  that 
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of  the  surrounding  seas,  it  is  most  reasonable  to  assume  that  the 
Plankton  is  really  stationary,  and  that  it  is  renewed  by  spores 
from  the  bottom. 

The  abundance  of  the  Plankton  in  the  Lim  Fjord  may,  in  our 
opinion,  be  best  explained  from  there  always  being  in  the  mud  of 
the  bottom  spores  sufficient,  and  ready  to  sprout,  as  soon  as  the 
conditions  necessary  to  their  existence  are  favourable.  Similar 
conditions  to  those  of  the  Lim  Fjord  are  also  to  be  met  with  in 
the  Scotch  firths  which  are  shallow,  and  where  the  water  is  calm, 
so  that  the  alluvial  mud  containing  the  organic  remains  can  fall 
to  the  bottom  and  settle  there  at  a  depth  of  but  a  few  fathoms. 
At  certain  seasons  of  the  year  they  contain,  according  to  G.  MUB- 
BAY  [97]  enormous  quantities  of  Neritic  Diatoms,  especially  Skele- 
tonema  costatum. 

Nor  can  it  there  be  determined,  without  investigation,  whether 
this  abundance  of  Plankton  Flora  is  chiefly  due  to  the  amplitude 
of  the  annual  variations  of  temperature  at  the  bottom,  or  the  great 
abundance  of  nitrogenous  compounds.  In  every  case  the  diatoms 
make  the  conditions  of  nourishmeut  still  more  favourable  for  the 
small  animals  which  live  in  the  mud  on  the  bottom. 

Also,  according  to  VANHOFFEN'S  investigations  in  the  Karajak 
Fjord,  West  Greenland  [97],  an  abundant  Diatomic  Plankton  exists, 
which  entirely  disappears  on  the  appearance  of  frost  in  October. 
It  is  the  power  they  have  of  forming  spores  that  enables  these  sen- 
sitive organisms  to  remain  in  such  high  northern  latitudes,  and 
employ  the  short  summer  in  producing,  comparatively,  enormous 
quantities  of  organic  matter. 

The  Cattegat's  Plankton  has  been  very  well  investigated 
by  CLEVE  [85,  96  and  especially  97],  and  PETEBSEN  [98].  The 
depth  in  the  Cattegat  is  not  too  great  to  allow  of  the  annual 
changes  of  temperature  reaching  the  bottom,  more  especially  as 
the  currents  occasion  great  variations  in  the  hydrographical  con- 
ditions (see  PETTEBSSON  and  EKMAN  [97]).  It  will  thus  be  seen 
from,  for  instance,  the  report  of  the  Danish  Commission  (ROHDAM 
[96]),  that  the  bottom  temperature  in  the  Cattegat  on  the  26th 
February  1892,  averaged  less  than  5°;  in  May  about  6°,  while  on 
the  other  hand  it  was  about  11  to  13  degrees  in  November. 
The  amplitude  of  the  annual  variation  of  temperature  at  the  bot- 
tom is  thus  at  least  1.1  -f-  5  =  6°;  at  most  parts  really  much 
more  than  this. 

Especially  in  the  Northern  portion  of  the  Cattegat  there  exists 
an  abundant  Neritic  Plankton-Flora.  During  the  spring,  in  March 
and  April,  when  the  lowest  temperatures  have  reached  the  bottom, 
there  crop  up  great  quantities  of  Northern,  in  part  Arctic  species 
(Thalassiosira  Nordenskioldii,  Th.  grarida,  Chcetoc.  diadema,  sociale), 
cfr.  CLEVE  [96],  Tab.  II. 

During,  the  autumn,  Southern  forms  may  be  met  with  in  quan- 
tities (for  instance  Chaetoceros  didymum,  Ch.  Schiittii).  According 
to  PETEBSEN'S  investigations  [98],  there  is,  as  a  rule,  a  great  dif- 
ference between  the  surface  Plankton  and  that  of  the  bottom. 
Whilst,  in  the  salter  layers  at  the  bottom,  there  may  be  a  rich 
flora  of  various  species  of  QuBtoettOt,  and  others,  the  surface  layers 
only  possess  quantities  of  Rhizosolenia  alata,  mixed  with  many  dead 
specimens  of  the  flora  from  the  waters  of  the  bottom. 


The  species  which  vegetate  in  the  deep  layers  thus  do  not 
appear  capable  of  living  in  the  less  salt  water,  which  on  the  sur- 
face pours  out  from  the  Baltic.  This  is  probably  the  reason  why 
the  Plankton  Flora  of  the  Cattegat  does  not  consist  of  so  many 
diverse  species  as  that  of  the  Skagerak. 

The  Skagerak's  Plankton  has  been  still  better  investigated 
than  that  of  the  Kattegat,  and  better  than  that  of  any  other  water 
area  of  similar  extent. 

The  vegetable  Plankton  is  best  known  from  CLEVE'S  works 
[94,  96,  97].  This  author,  especially  in  his  last  great  work  [97], 
has  published  a  vast  amount  of  information  which  has  been  partly 
gathered  at  one  time  from  a  great  area  of  operations,  partly  during 
a  lengthy  period  at  established  stations. 

To  this  may  be  added  the  very  important  contributions  of 
PETEESEN  [98],  besides  a  great  number  of  samples  which  we  have 
collected  and  examined,  and  whose  contents  we  shall  treat  of  in  a 
subsequent  work. 

The  Neritic  Plankton  of  the  Skagerak  is  very  similar  to  that 
of  the  Cattegat,  consisting,  mainly,  of  the  same  species,  with  a  few 
more,  and  all  these  species  appear  at  about  the  same  season  of 
the  year.  Thus  from  CLEVE'S  work  [97],  Table  XI,  will  be  seen 
the  Diatomic  Planton  at  Vsedero  for  the  entire  year  1896.  In  the 
latter  half  of  February  we  meet  with  a  Plankton,  which,  besides  a 
number  of  oceanic  forms,  contains  chiefly  Thalassiosira  Nordenskioldii, 
Th.  gravidu,  Coscinodiscus  excentricus  v.  gelatinosa,  Chcetoceros  teres, 
and  a  little  later  on  Chcetoceros  debile,  diadema  and  sociale.  These 
are  surplanted,  little  by  little,  by  Chostoceros  constrictum  and  Lepto- 
cylimlrus  danicus,  which  reaches  its  maximum  in  April. 

In  May  and  June  the  Neritic  forms  retire,  and  are  relieved 
by  the  Plankton  characteristic  of  the  Baltic  current  RMzosolenia, 
(alata  var.)  yracillima,  and,  besides,  a  majority  of  Peridines.  At 
Vsedero  the  Neritic  species,  Chcetoceros  curvisetum,  didymum,  Schiittii, 
Ditylum  Brightwellii,  only  reappear  in  September.  In  the  Gull- 
mars  Fjord  they  occur  somewhat  earlier,  in  July  and  August 
(see  1.  c.  Tab.  XII).  In  the  Skagerak  the  circulation  and 
change  of  waters  is  so  constant*)  that  no  areas  can  be  fixed  as 
having  local  characteristics  either  in  hydrographical  or  biological 
respects. 

It  is  true  that  there  are  some  fjords,  in  which  the  bottom- 
water  is  prevented  from  circulating  throughout  a  great  part  of  the 
year,  owing  to  reefs  at  the  entrance ;  and,  of  these,  Gullmars  Fjord 
in  Bohuslan,  and  Christiania  Fjord  have  been  thoroughly  investig- 
ated. In  their  upper  water-layers  both  these  fjords  contain  a  Plank- 
ton which  in  no  important  characteristic  deviates  from  that  of  the 
Skagerak,  being,  may  be,  especially  at  certain  times,  somewhat  less 
plentiful.  From  many  observations  in  the  Christiania  Fjord,  we 
have  derived  the  impression  that  the  Diatomic  Plankton,  to  a  great 
extent,  enters  the  fjord  from  without. 

The  upper  water-layers  too,  circulate  constantly  with  those  of 
the  Skagerak,  whilst  the  hydrographical  conditions  at  the  bottom 
are  so  uniform,  that  while  it  certainly  can  be  a  home  for  a  charac- 
teristic Oceanic  bottom-fauna,  it  cannot  sustain  any  local  Neritic 


*)  See,  amongst  others,  PETTERBSON  and  EKMAN  [>7]. 
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Plankton  As  already  mentioned  the  bottom  temperature  through- 
out the  year  remains  at  5°  to  7°  degrees. 

On  account  of  the  circulation  in  the  upper  layers  of  water 
of  the  Skagerak  and  Cattegat,  the  chief  thing  to  he  d.-t/i  mined 
is  the  extent  to  which  the  individual  parts  »t  the  roast  in  tin- 
two  seas  contribute  to  the  joint  stock  of  Plankton.  Probably 
all  the  surrounding  shores  are  centres  of  development  of  Neri- 
tic  forms. 

The  circulation  makes  the  conditions  of  life  -"  uniform  that, 
in  all  probability,  those  species  which  are  almost  alike  sink  to  tin- 
bottom  with  their  spores,  and  from  these  spring  to  life  again  along 
the  entire  coast,  just  as,  for  instance  the  fixed  nlga»-flora  is  some- 
what uniform  on  all  the  shores  of  the  Skagerak.  The  circulation 
favours  also  the  Neritic  forms,  as  it  conveys  the  warmth  of  summer 
and  the  cold  of  winter  along  the  coasts  down  to  a  considerable 
depth,  so  that  the  range  of  temperature  may  he  extraordinarily 
great.  Thus,  for  instance,  in  October  1897.  there  were  warm  layers 
of  water  crowded  up  in  the  north  eastern  portion  of  the  Skage- 
rak. of  such  a  depth  that  the  temperature  (at  Langesund)  was  12° 
down  to  a  depth  of  250  metres. 

The  Neritic  Plankton  of  the  North  Sea  does  not  appear  to 
be  nearly  so  plentiful  in  individual  forms  as  the  Skagerak. 

This  is  shewn  up  chieHy  by  PETKK-KN'-  investigations  [98. 
Table  I].  The  North  Sea  proves  to  be  not  only  less  full  of  Plank- 
ton than  the  Lira  Fjord  and  Cattegat.  but  the  species  met  with  in 
it  are,  paramountly,  oceanic.  Of  Neritic  forms,  it  is  really  only 
BuhluJphia  mobiliensis,  which  occurs  in  any  nameworthy  quantity. 

CI.KVK'S  Tables  for  the  North  Sea  [97.  Tables  VI.  VIII.  IX] 
also  indicate  a  majority  of  oceanic  forms.  The  German  Expedition 
to  the  North  Sea,  found  lesser  quantities  of  peridins  and  diatoms 
than  in  the  Baltic  and  Gulf  Stream  [see  SCHUTT.  93],  whilst  G. 
HVRBAY  [97]  found  great  quantities  of  Neritic  diatoms  during  the 
spring  along  the  North  Sea  seaboard  of  England,  especially  Skele- 
tonema  costatum.  On  the  North  Sea  seaboard  of  Norway,  from 
Lindesnses  to  Stadt.  no  previous  studies  had  been  made.  The 
results  of  our  investigations  there  will  he  found  in  Table  1.  station 
1—6;  Table  3,  St.  73—76,  and  Table  5,  St.  179—185.  The  Sta- 
tions 1—3  and  179 — 183  are  off  Stavanger:  4—6  and  183 — 185 
off  Marsten  Lighthouse  near  Bergen,  and  73—76  off  Bremanger 
near  Stadt. 

The  Summer  Neritic  Plankton  on  the  Norwegian  littoral  of  the 
North  Sea  is  typically  represented  in  the  samples  obtained  by 
HJORT  off  Marsten  (st.  4)  on  the  26th  June  1895.  This  Plankton 
is  rich  in  species,  amongst  which  most  of  the  autumnal  forms  of 
the  Skagerak  are  met  with.  But  the  relative  conditions  in  respect 
to  numbers  are  somewhat  different,  and  some  species,  for  instance 
Chectoceroe  Schiittii  are  replaced  in  the  North  Sea  by  others,  and 
thus  Chasioeerm  WUlei  and  Ch.  cinrtum  are  characteristic  forms  of 
the  North  Sea  littoral. 

It  will  be  seen  that,  in  the  Tables,  we  have  divided  the 
Neritic  Diatoms  into  Summer,  Winter  and  Arctic  forms.  The 
latter  are  not  met  with  in  the  Skagerak  or  on  the  North  Sea 
littoral,  and  the  Summer  and  Winter  forms  are  divided  chiefly 
according  to  the  seasons  in  which  they  occur  in  greatest  numbers 
in  the  Skagerak. 


Even  in  the  Skagerak,  in  which  the  Summer  and  Winter  Plank- 
ton is  very  different,  the  boundary  between  the  Summer  and  the 
Winter  forms  is  not  always  easily  drawn,  and  some  individuals  of 
trne  Summer  forms  (for  instance  Chtetocero*  d'uli/mum)  may  be  met 
with  in  the  middle  of  winter,  whilst  Winter  forms  may  be  encoun- 
tered in  small  numbers  at  the  warmest  period  of  the  autumn. 
CLEVE'S  Tables  shew,  however,  that  each  species  attains  its  maxi- 
mum at  a  fixed  period  of  the  year.  On  the  West  Coast  this  is 
not  so  marked.  We  thus  see  that  so  late  as  the  26th  June,  no 
-mall  numbers  of  true  Winter  forms  (Thalassiosira  Nordenskvihlii. 
graritla.  Ch&toceros  diadema)  are  to  be  met  with. 

In  the  Bergen  Fjord*),  almost  similar  species  are  to  be  met 
with  throughout  the  entire  summer,  as  those  contained  in  the  above 
mentioned  samples  from  Marsten.  From  Table  3,  St.  73 — 75,  it 
will  also  be  seen  that  a  like  plankton,  if  even  somewhat  poorer,  is 
to  be  found  all  the  way  up  to  Bremanger,  where,  it  keeps  but 
close  in  to  the  coast,  which  however  agrees  with  the  fact  that  it 
consists  of  Neritic  species. 

An  impression  of  the  Winter  Neritic  Plankton  of  the  West 
Const  will  he  gathered  from  Table  5,  Stations  179  —  182.  The 
samples  of  Plankton  were  collected  by  NOKDGAAKD  whilst  making 
the  hydrographies]  section  off  Stavanger  ,7th— 9th  February  96), 
and  off  Marstenen  near  Bergen  (14th — 15th  February).  On  the 
surface  the  Plankton  was  still  somewhat  sparce,  but  a  little  deeper 
down,  especially  at  the  outer  stations  (181,  184,  185),  where  the 
Atlantic  water  with  its  greater  temperature  comes  nearer  to  the 
surface  (40  metres  at  Station  184),  there  was  found,  amongst  the 
oceanic  forms  a  considerably  large  number  of  Neritic  species. 
GBAN  found  that  the  same  kind  of  Neritic  species  were  abundantly 
developed  between  Lindesnses  and  Stadt  in  March  1898.  The 
species  there  were  the  same  as  those  in  the  Skagerak,  the 
quantative  relations  only  being  somewhat  different.  The  Winter 
forms  were  not  so  paramount  as  in  the  Skagerak,  and  there 
was  not  so  small  a  number  of  true  Summer  species  amongst  them. 

This  agrees  with  the  hypothesis  that  on  the  West  Coast  the 
variation  of  the  temperature  between  summer  and  winter  is  not 
so  great  as  in  the  Skagerak,  the  conditions  on  the  littoral  of  the 
North  Sea,  both  in  respect  to  hydrography  and  biology  being  more 
oceanic,  whilst  in  the  Skagerak  they  are  more  "continental",  if  we 
can  employ  this  term  in  relation  to  an  area  of  water. 

It  is  possible  too,  that  the  bottom  of  the  North  Sea  does  not 
present  so  favourable  conditions  to  life  as  might  be  imagined.  The 
North  Sea,  as  we  may  perceive  from  our  charts,  is  also  to  a  great 
extent  filled  with  oceanic  bodies  of  water.  It  is  a  restless  sea  in 
which  the  boundary  of  the  mud  (J.  MURRAY'S  "mud- line")  is  first 
met  Jwith  at  a  depth  of  80  fathoms.  The  bottom  consists  for  the 
most  part  of  sand  and  gravel,  bare  of  all  higher  alga-vegetation, 
notwithstanding  that  the  depth  is  not  so  great  as  to  preclude  its 
growth  if  it  found  a  suitable  soil.  It  is  possible  that  the  spores 
fall  more  easily  to  the  bottom,  and  are  retained  in  more  tranquil 
parts  where  the  bottom  is  covered  with  mud  at  a  depth  of  a  few 
fathoms.  The  only  Neritic  Diatom  which  appears  in  plentitude  in 


*)  Samplei   of   Plankton   from   this   fjord   have  been  kindly  placed  at  mir 
by  NORDOAARD. 
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the  south  eastern  parts  of  the  North  Sea,  is  a  species  with  large 
and  heavy  spores,  Biddulphia  mobiliensis. 

On  the  West  Coast  of  Norway  there  are  only  some  places 
within  the  belt  of  islands,  which  are  so  shallow  as  to  allow  of 
their  favouring  the  growth  of  a  Neritic  Flora.  Outside  it  there 
exists  the  Norwegian  Channel,  and,  inside  it,  deep  fjords  where  the 
bottom  temperature  is  almost  unvaried  throughout  the  year.  The 
fjords,  so  far  as  the  investigations  hitherto  made  have  shown,  con- 
tain a  very  poor  Plankton. 

Finally  we  come  to  the  seabord  of  the  Northern  Ocean  which 
forms  a  most  decided  antithesis  to  the  shallow  Lim  Fjord  with  its 
abundant  Neritic  Plankton.  If  ones  studies  the  Sea  Charts,  for 
instance  those  of  the  coast  of  Nordland,  one  will  find  that  very 
few,  and  then  only  small  shallow  parts  are  to  be  met  with.  The 
numerous  islands  and  rocks  rise  almost  invariably  perpendicularly 
from  a  depth  of  100  fathoms. 

At  such  a  depth  the  temperature  is  almost  unchanged  through- 
out the  entire  year;  thus  the  observations  taken  off  Lodingen  during 
the  years  1879  —  81  (see  MOHN,  [87],  p.  91)  at  depths  of  100 
fathoms  give  the  highest  temperature  (July  79)  at  6°.6,  the  lowest 
6°.3,  the  annual  variation  being,  therefore,  but  0°.3  at  the  outside. 
At  a  depth  of  50  fathoms  (92  metres),  the  variation  is  2°.8  (8°.3 
in  October,  5°.5  in  January). 

The  boundary  of  the  mud  is  too,  off  the  coast  of  Nordland, 
at  still  greater  a  depth,  viz.,  100  fathoms,  than  in  the  North  Sea. 

In  our  opinion  all  these  conditions  must  be  very  unfavourable 
to  the  formation  of  Neritic  Plankton. 

In  reality  too,  there  are  excessively  few  Neritic  Diatoms  on 
the  littoral  of  the  Northern  Ocean,  compared  with  those  on  other 
coasts. 

During  the  summer  of  1895,  HJORT  studied  the  Plankton,  along 
the  entire  coast,  from  July  to  September.  The  results  derived  from 
his  observations  are  to  be  found  in  Table  1,  Stations  7 — 41. 
Moreover  the  "Hansteen"  collected  a  number  of  samples  in  June 
1896  (Table  3,  Stations  77  —  85),  and  the  Swedish  Expeditions  to 
Spitzbergen  in  1896 — 97,  collected  Plankton  off  the  Norwegian 
coast  in  June  and  August  1896,  and  in  May  and  July  1897.  The 
contents  of  these  samples  were  examined  by  CLEVK,  and  the  results 
published  in  PETTERSSON  and  EKMAN'S  latest  work  [98]  Tables 
1—3,  pp.  48—51. 

It  will  be  seen  from  all  of  these  tables  that  small  quantities 
of  Neritic  Diatoms  are  to  be  met  with,  during  summer,  along  the 
Norwegian  shores  of  the  Northern  Ocean. 

No  great  plentitude  of  individuals  was  to  be  found  in  any  of 
the  samples,  and  only  a  few  of  them  contained,  mainly,  Neritic 
species  to  any  appreciable  extent.  One  sample  obtained  off  the 
Trondhjem  Fjord  in  May  1897,  contained  inter  alia,  mainly  Chce- 
toceros  debile,  and  another  sample  obtained  off  Ranen  Fjord  on  the 
23rd  May  contained  Skeletonema  costatum. 

Somewhat  richer  is  a  sample  from  the  harbour  at  Tromso, 
obtained  on  the  12th  June  1897,  referred  to  by  CLEVE  in  his 
Phytoplankton  [97],  p.  8.  Its  characteristic  form  is  given  as  Ch. 
eontortum,  which  is  a  true  Neritic  species.  Several  of  the  species 
were  found  by  CLEVE  to  possess  spores.  With  almost  these  few 
exceptions,  the  samples  are  nearly  entirely  free  of  Neritic  Diatoms, 


bnt,  on  the  other  hand,  some  contain  great  numbers  of  Peridins 
and  Crustacese,  and  others  some  Oceanic  Diatoms,  especially  Rhi- 
zosolenia  alata,  f.  gracillima  (Bhizosolenia  gracillima,  Cl.)  which  on 
the  West  Coast  are  characteristic  of  the  Baltic  current  in  summer. 
See  our  Table  1. 

HJORT  found  that  the  Peridins  and  Crustacese  increased  in 
numbers  as  autumn  were  on,  as  the  water  became  warmed  in  the 
neighbourhood  of  the  land.  Possibly  the  Peridins  here  replace 
the  wanting  Diatoms,  and  in  place  of  them  make  use  of  the  light 
and  warmth  of  summer  in  forming  a  stock  of  nutritious  elements 
which  benefit  the  other  organisms  of  the  ocean. 

It  is  especially  Ceratium  tripos  that  occurs  in  great  numbers*), 
it  being  a  hardy  and  contented  species  which  is  to  be  found  almost 
every  where  in  the  North  Atlantic  Ocean  at  all  times  of  the  year. 
It  is,  therefore,  so  far  Oceanic,  being  entirely  independent  of  the 
bottom.  On  the  other  hand,  it  probably  requires  so  high  a  tem- 
perature to  promote  a  great  development  as  that  which  in  high 
latitudes  is  only  met  with  along  the  coast  during  summer.  It 
may,  therefore,  with  us,  with  a  certain  amount  of  truth,  be  called 
Neritic.  as  it  mainly  appears  on  the  coast. 

The  variety  longipes  developes  itself  under  opposite  conditions, 
especially  on  our  coasts,  winter  and  spring,  when  the  coastal  water 
is  cooled,  and  the  variety  arctica  is  the  characteristic  form  in  the 
Arctic  seas. 

During  the  winter,  our  Northern  Ocean  shores  are  still  less 
prolific  in  Neritic  species  than  during  the  summer. 

Of  the  numerous  samples  collected  by  NORDGAARD  in  February, 
March  and  April  1896—97  (Table  5,  Stations  186—198.  Tables 
6  and  8),  there  are  but  some  few  (from  Reine  in  Lofoten,  Station 
215  and  Stations  529  —  30,  1st  April  1897)  which  contain  Neritic 
species,  and  these  few  species  only  in  small  numbers.  The  species 
which  are  to  be  found  at  that  season  are  Arctic  diatoms  such  as 
Chcetoceros  furcellatum,  Thalassiosira  hyalina,  and  Frayilaria  oceanica, 
as  well  as  some  which  also  on  our  west  and  south  east  coast 
appear  as  winter  forms,  such  as  Thalassiosira  Nordenskib'ldii,  Th. 
gratvda,  Chcetoceros  sociale,  debilc,  diadema. 

All  these  species  are  likewise  to  be  met, with  off  the  coasts 
of  Greenland  (see  GRAN,  97.  2  —  3). 

In  March  1898,  GRAN  found  the  same  species  in  somewhat 
greater  numbers  along  the  coast  of  Sondmore  and  Romsdal  up  to 
the  mouth  of  the  Trondhjem  Fjord.  This  characteristic  Plankton 
Flora  thus  appears  to  be  spread  along  the  whole  of  our  Northern 
Ocean  seabord  during  March  and  April,  its  southern  boundary  then 
appearing  to  be  at  Stadt. 

Neither  in  the  number  of  species,  nor  in  absolute  quantity  can 
it  compare  with  the  Plankton  Flora  which  springs  up  at  the  same 
season  in  the  Lim  Fjord,  the  Cattegat,  the  Skagerak  or  even  on 
the  West  Coast,  and  which  gives  nourishment  to  all  the  Pelagic 
forms  of  larva  which  commence  developing  in  spring. 

Greater  or  lesser  numbers  of  a  remarkable  Flagellat,  Phaeo- 
cystis  Poucheti,  (Har.)  Lagerh.,  are  almost  invariably  to  be  found 
together  with  these  Arctic  neritic  forms.  Its  development  is  as  yet 


*)  The  various  varieties   of   this  species  (var.  macroceros,  longipes,  arctica, 
Bucephalos)  are  not  separated  in  most  of  the  Tables. 


16 


unknown,  and  we,  therefore,  dare  not  attempt  to  decide  whether  it 
is  of  Neritic  or  Oceanic  origin.  It  belongs  t»  mM  seas,  but.  during 
the  winter,  may  he  found  down  in  the  North  sea,  and  even  in  small 
numbers,  in  the  Christiania  Fjord. 

A  glance  at  our  Tables  will  shew  that  tln-sc  NYritic.  An-tic 
forms  are  but  met  with,  here  and  there,  in  small  numbers,  otherwise 
all  the  samples  contain  but  a  non  prolific  Oceanic  Plankton  (Cos- 
cinoduruj-species). 

On  the  whole  it  will  be  seen  that  the  quantity  of  Neritic 
Plankton  decreases  in  richness  from  the  l.im  Fjord  to  the  Cattegat 
and  Skagerak;  is  still  poorer  on  our  North  Sea  littoral,  and  of! 
the  coast  of  Nordland  dwindles  down  to  a  minimum.  It  cannot  be 
doe  to  the  change  to  high  northern  latitudes.  As  we  have  stated, 
a  Terr  rich  flora  of  Neritic  Diatoms  is  to  be  met  with  in  Karajak 
Fjord  in  North  West  Greenland.  It  can,  therefore,  but  be  due  to 
the  bottom  conditions,  and  agrees  with  our  views,  that  the  Neritic 
Diatoms  demand  such  conditions  of  life,  that  their  spores  are  able 
to  sink  to  the  bottom,  be  preserved  there,  and  subsequently 
aroused  again  for  development. 

The  Oceanic  Organisms  form  a  contrast  to  the  Neritic. 

The  conditions  necessary  to  existence  in  the  open  seas  are 
less  varying  than  in  by  the  land.  The  temperature  may  rise  and 
fall  with  the  seasons,  or  as  the  bodies  of  water  advance;  but  the 
variations  proceed  slowly.  Still  more  slowly  do  the  changes  in  the 
salinity  of  the  ocean  occur. 

The  ocean,  therefore,  also  possesses  a  Plankton  much  more 
uniform  than  that  met  with  on  the  coasts.  So  long  as  it  remains 
in  the  same  current,  the  composition  of  the  Plankton  varies  very 
slightly. 

The  Pelagic  organisms  do  not  require  any  means  of  protection 
against  the  variations  in  the  temperature  and  salinity.  Each  indi- 
vidual species  may  be  adopted  for  life  within  very  narrow  limits 
of  temperature,  yet  nevertheless  find  an  immense  area  in  which  it 
can  develop  itself  abundantly. 

The  Pelagic  Diatoms  which  we  shall  specially  treat  of,  may, 
like  other  diatoms,  become  developed  in  enormous  numbers  at 
certain  times.  When  a  rich  Diatomic  Plankton  is  met  with  in  the 
ocean,  it  will  be  found  to  contain,  as  a  rule,  one  or  some  few 
species  in  overwhelming  numbers. 

According  to  SCHI'TT  [93].  there  live,  during  summer,  in  the 
Irminger  Sea,  vast  numbers  of  Thalassiothrix  longissima,  and  often, 
in  the  North  Atlantic,  Chaetoceros  decipiens  or  Ch.  boreale  may  be 
met  with  developed  in  equally  great  numbers.  Other  species  may 
occur  amongst  these  masses,  but  often  in  quite  an  insignificant 
number. 

At  other  times  great  stretches  of  ocean  can  be  almost  entirely 
free  of  Diatoms.  In  such  a  case  the  conditions  for  the  development 
for  these  organisms  can  hardly  be  favourable,  as  some  individuals 
are  to  be  met  with  everywhere  which,  if  the  conditions  were  favourable, 
could  be  the  origin  of  a  rich  vegetation. 

The  Oceanic  Diatoms  which  are  of  some  importance  in  the 
Norwegian  Northern  Ocean  are  not  many. 

As  we  will  set  aside  rare  species,  we  need  but  to  take  the 
following  16  species  into  account: 

\ 


Coscinodiscus  ronnnnn-.  \\.  S\i. 
OCM/M.S'  it-id  in.  EHB. 
„  radiatus,  EHB. 

steUatus,  HOP. 

Rhizosolenia    styliformis,  BRIOHTW. 
geminpina,  HKNSIA. 
>'/<n«//.-Wi.  CL. 

n  In  tn.  BRIOHTW.,  /.  gracittima 
„  olttustt.  HENSEN. 

Cha-toceros  boreale,  BAIL. 

(including  Ch.  Brightivellii,  CL.) 
„         friojihiltttn.  CASTR. 

(including    Ch.  conroltttttm.  CASTR.   =   Ch.  Bright  in-Ill  i. 
GRAX,  which  is  however  regarded,  by  GRAN,  as  a 
different  species). 
„         currens,  CL. 
„         iitlnnticum,  CL. 
„        decipiens,  CL. 
Thalassiothrix  Frauenfeldii,  GHUN. 

„  longissima,  CL.  &  GHUN. 

It  would  not  appear  as  if  all  of  these  species  were  favoured 
by  the  same  outward  conditions.  As  a  rule  not  more  than  one  or 
some  few  species  are  to  be  met  with  in  quantities,  whilst  the  others 
then  are  but  secondary  elements  of  the  Plankton. 

It  is  this  circumstance,  which  gave  CLEVE  the  idea  of  separa- 
ting his  types  of  Oceanic  Plankton  (see  inter  alia  [97],  p.  4),  which 
we  in  the  following  enter  into  at  greater  length.  There  are  espe- 
cially five  species  which  can  appear  in  such  numbers  as  to  give 
the  Plankton  its  character;  namely 

Coscinodiscus  oculus  iridis 

Thalassiothrix  longissima 

Chwtoceros  decipiens 

Rhizosolenia  styliformis 

Rhizosolenia  alata  (f.  gracittima). 

Those  hydrographical  conditions  which  in  different  instances 
gives  one  of  these  species  the  priority  of  the  others,  have  not  yet 
been  investigated.  In  many  cases  the  temperature  appears  to  play 
an  important  part,  even  if  this  is  not  per  se  capable  of  explaining 
everything. 

The  Coscinodiscus  species,  thus  occur  on  our  shores,  especially 
during  the  coldest  period  of  wintei ;  after  these  come  Thalassiothrix, 
and  somewhat  later  on  the  Oceanic  Clwetoreros  species,  whilst  Rhi- 
zosolenia styliformis,  arrives  with  the  Atlantic  current  during  the 
summer  and  autumn,  and  Rh.  alata  thrives  best  in  the  very  warm 
surface  layers  which  the  Baltic  current  conveys  along  the  coast 
(see  Table  1)  during  summer. 

The  results  derived  from  the  two  "Heimdal"  expeditions  in 
May  1896  and  1897,  also  agree  with  the  above. 

The  distribution  of  the  Plankton  is  graphically  described  on 
PI.  4,  in  the  Hydrographic  Profiles. 

Under  each  Hydrographic  Station  will  be  found  two  columns, 
of  which  the  first,  on  the  list,  denotes  the  surface  Plankton,  the 
other,  the  contents  of  a  sample  taken  in  a  net  drawn  perpendicu- 
larly to  the  surface  from  a  depth  of  100  metres.  The  Oceanic 
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species   are  coloured  blue,   the  Neritic  red  (Southern),  brown  (Nor- 
thern) and  green  (Arctic). 

The  tones  of  the  colours  denote  the  approximate  quantity  of 
the  corresponding  species,  the  name  of  which  will  be  found  at  the  left, 
just  beyond  the  horizontal  lines.  The  tones  correspond  with  the  4 
markings  given  by  CLEVE,  r  (lightest),  -f-  (2  tones),  c  (3  tones), 
cc  darkest  tints.  Of  the  green  colouring  there  will  be  found  but 
the  two  lightest  shades,  and  of  the  brown  but  the  three  lightest. 

It  must  be  stated  that  CLEVE'S  markings,  which  we  have, 
hitherto,  adopted  in  all  our  investigations,  but  form  a  very  small 
scale  for  the  comparison  of  the  quantitative  distribution  of  the  species 
in  the  samples.  The  indication  cc,  corresponds  to  a  frequency  which 
is  at  least  1000  times  greater  than  denoted  by  r.  Neither  the 
Tables,  nor  the  graphic  deliniation  on  PI.  4,  give,  therefore,  an 
adequate  idea  of  the  diversity,  which,  in  reality,  is  very  great. 

On  PI.  4,  it  will  be  seen  that  the  temperature  in  1896,  in- 
creases from  the  coast  outwards  towards  the  bodies  of  water  in 
the  Gulf  Stream,  after  which  it  gradually  decreases  as  it  approaches 
the  Polar  current.  The  same  was  the  case  in  1897,  with  the 
exception  that  the  temperature  was,  throughout,  about  2°  lower, 
owing  to  the  greater  development  of  the  Polar  current. 

In  1896,  the  Oceanic  Diatoms  were  so  distributed  that  Clice- 
toceros  decipiens  attained  its  maximum  at  St.  V  (surface  tempera- 
ture 9°.6),  Thalassiothrix  longissima  between  St's.  VII  and  VIII 
(Temperature  respectively  6°  and  5°.2),  and  Coscinodiscus  oculus 
iridis  at  St.  VIII  (Temperature  5°.2).  The  Rhizosolenia  styliformis 
was  not  met  with  at  any  of  the  stations  in  great  numbers.  It 
attains  its  greatest  development  somewhat  later  in  the  summer 
when  the  water  has  become  more  heated. 

In  May  1897,  none  of  the  species  had  become  developed  to 
any  appreciable  extent. 

We  thus  see  that  each  individual  species  attains  its  maximum 
at  different  places,  and  under  different  conditions  of  life.  Probably 
it  is  the  temperature  which  has  the  greatest  influence  on  their 
development. 

As  the  various  Oceanic  currents  do  not  afford  the  organisms 
like  conditions  of  existence,  the  Plankton  may,  in  many  instances, 
be  employed  as  a  means  of  distinguishing  waters  of  different  origin. 

The  Diatoms  may  easily  be  observed,  especially  on  account  of 
their  occurrence  in  masses,  and  their  various  appearances  at  various 
spots  may,  in  many  instances,  stamp  the  Oceanic  currents. 

This  is  illustrated,  too,  on  PL  4,  Fig.  1.  The  Stations  II— 
IV*)  are  near  the  Norwegian  coast,  and  the  coastal  currents  with 
their  low  salinity  go  from  the  surface  down  to  a  depth  of  60  to 
100  metres. 

The  Plankton  contains  scarcely  any  diatoms,  only  some  indi- 
viduals of  Oceanic  species,  but,  on  the  other  hand,  great  quantities 
of  peridins ,  (especially  Ceratium  tripos  and  the  variety  longipes, 
which  however  is  not  separated  from  the  main  species). 

Stations  V — VII**)  are  situated  in  the  waters  of  the  Gulf 
Stream,  as  will  be  seen  from  the  dark  blue  colours  on  the  profile 
(salinity  exceeding  35  %0). 


*)  On  the  Tables,  Stations  42—45. 
**)  On  the  Tables,  Stations  46,  50,  54. 


The  samples  of  Plankton  contained  masses  of  Diatoms,  and 
no  appreciable  difference  existed  between  the  surface  Plankton  (1st 
column)  and  that  of  the  deep  (2nd  column).  Amongst  the  Oceanic 
species,  not  a  few  Neritic  species  were  met  with,  which  in  such 
salt  water  found  favourable  conditions  of  growth.  They  would  pro- 
bably, however,  have  proceeded  further  with  the  current  for  a  short 
time,  as  most  of  them  possessed  numerous  spores.  (Chcetoceros 
cinctum,  constrictum,  diadema). 

At  Stations  VIII — IX,  the  Atlantic  water  was  covered  by 
fresher  Arctic  Ocean  water  (light  blue  colouring),  which,  however, 
then  formed  but  a  layer  of  about  80  metres  in  thickness.  The 
Plankton  there  was  poorer  both  in  quantity  and  quality.  The 
Neritic  Diatoms  were  entirely  wanting,  and  the  Oceanic  were  some- 
what scarce  on  the  surface,  whilst  met  with  still  in  great  numbers 
in  the  samples  taken  from  a  depth  of  100  metres  to  the  surface. 
In  procuring  these  samples  the  net  was  thus  drawn  through  partly 
Atlantic  water. 

Stations  X — XI,  furnished  an  excessively  poor  Plankton  yielding 
but  quite  few  individuals  of  the  most  hardy  forms.  In  the  Arctic 
Ocean  water  therefore,  the  Diatoms  had  not  at  that  period  of  the 
year  commenced  their  development. 

In  May  1897  (PI.  4,  Fig.  2)  the  Arctic  Ocean  water  was  still 
very  deficient  in  organisms,  and  even  in  the  Gulf  Stream,  the 
development  was  delayed  on  account  of  the  cooling  influence  of 
the  Polar  current. 

From  these  examples  it  will  be  seen  that  a  study  of  the 
Plankton,  together  with  purely  hydrographical  investigations,  may 
be  of  great  value  in  discerning  layers  of  water  of  different  sources 
of  origin,  in  the  present  instance  too,  the  water  in  the  Norwegian 
coastal  currents,  the  Gulf  Stream  and  the  Polar  current. 

In  other  instances,  however,  the  Plankton  gives  but  little  in- 
formation concerning  the  Ocean  currents.  Thus,  for  instance,  both 
the  Gulf  Stream  and  Polar  current  are  very  deficient  in  Diatoms. 
This  will  be  seen,  for  instance,  if  Table  7  be  compared  with  the 
corresponding  Table  B  III  (Fig.  11),  or  with  the  profile  PI.  5, 
Fig.  1.  The  species  which  occur  are  the  same  in  both  currents, 
while  no  considerable  quantitative  difference  can  be  observed. 

If  the  investigations  in  respect  to  the  Plankton  are  to  be  em- 
ployed to  any  great  extent  as  hydrographical  aids,  the  life  and 
distribution  of  the  Plankton  organisms  must  be  first  thoroughly 
known,  as,  otherwise,  hasty  conclusions  might  be  drawn  from  them. 

Firstly,  the  Oceanic  Plankton  changes  its  character  with 
the  seasons,  just  as  does  the  life  of  plants  and  animals  on  the 
coasts,  so  that  the  same  current  at  different  periods  of  the  year 
can  convey  with  it  different  organisms,  for  instance  into  the 
North  Sea. 

Secondly,  the  very  same  current  becomes  gradually  chilled  or 
heated  during  its  course;  possibly  also  undergoes  slight  changes  in 
its  salinity  and  gaseous  contents.  On  PI.  4,  Fig.  1,  it  will  thus  be 
seen  that  the  temperature  and  salinity  of  the  Gulf  Stream  decrease 
as  its  waters  approach  the  Polar  current. 

Such  changes  will,  no  matter  how  gradually  they  occur,  affect 
the  nature  of  the  Plankton,  as  they  retard  the  development  of  some 
species,  and  promote  that  of  others  which  possibly  may  have,  pre- 
viously, appeared  in  such  small  numbers,  as  to  have  escaped 
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attention,  or  which,  as  regards  some  individuals,  have  entered  the 
waters  from  adjacent  current*. 

In  this  way  one  can,  in  any  case,  most  easily  explain  the 
gradual  changes  in  the  composition  of  the  I'lnnkt»n.  as  we  know 
it,  from  the  great  oceanic  currents,  especially  the  Gull  Su.-:im 
(see  J.  MTHKAY  97). 

It  is.  therefore,  necessary  to  make  fuller  investigations  respecting 
tli«  extent  to  which  the  Plankton  organisms  cnn  travel  in  that  stra- 
tum of  water  tn  which  they  In-long,  without  their  In-ini:  tlrstrnyed 
by  the  change  of  conditions. 

According  to  PETKKSEX'S  investigations,  the  various  organisms 
do  not  possess  equally  great  powers  of  standing  such  changes. 
Whilst  large  animals,  such  as  the  medusa  Pilema  octojnts  are 
carried  along  alive,  during  Autumn,  with  the  bodies  of  water  which 
flow  from  the  North  Sea  into  the  Li m  Fjord,  and  also  whilst  \<>ctilnc<i 
is  carried  in,  in  great  numbers,  the  Diatoms  of  the  North  Sea  (during 
the  Autumn  Rhuofoletiia  ntylifornii.t)  only  come  as  far  as  the  nearest 
station  at  the  entrance  of  the  Fjord. 

As  the  water  invariably  Hows  from  the  North  Sea  through  the 
Liui  Fjord  to  the  Cattegat.  the  Diatoms  arriving  from  the  North 
Sea  must  perish  in  the  western  portion  of  the  Lim  Fjord. 

In  the  central  part  of  the  Lim  Fjord  they  are  replaced  by  a 
rirh  Neritic  Flora,  which,  however,  in  its  turn,  cannot  proceed  further 
with  the  water  to  the  Cattegat.  but  sinks  to  the  bottom  before  it 
reaches  the  eastern  mouth  of  the  fjord. 

Thus  in  the  Lim  Fjord  I  he  movement  of  the  Diatoms  is  limited 
to  a  most  considerable  extent.  In  that  fjord  the  conditions  of  life 
become  changed  with  great  rapidity,  as,  for  instance,  the  salinity*) 
can  decrease  from  30.4  %o  (Station  2)  to  25.8  %>o  (at  the  eastern 
Station). 

In  the  open  sea.  the  Diatoms  might  well  traverse  very  great 
D  II 

Our  greatest  interest  is  centred  in  our  acquaintance  with  the 
changes  that  take  place  in  the  ocean  currents  along  the  coasts  where 
our  great  fisheries  exist.  And  when  the  oceanic  bodies  of  water 
approach  the  land  they  must  undergo  hydrographic  changes  which 
are  sufficiently  great  to  change  their  Diatomic  flora. 

Contact  with  the  bottom,  and  with  other  currents  must,  there, 
supply  the  waters  with  the  germs  oi  a  new  Plankton,  which,  in 
such  a  case,  develop  rapidly.  Several  observations  have  been  made 
which  indicate  that  the  Plankton  increases  in  bulk  where  various 
oceanic  currents  meet  (see,  amongst  others,  PKTKKSKS  [98]  pp.  I  .. 
15;  VAMIOFKKX  [96],  and  our  own  observations  from  the  West 
Coast.  Table  5). 

In  individual  cases  it  may,  therefore,  be  very  difficult  to  deter- 
mine which  forms  have  been  carried  in  with  the  oceanic  currents, 
and  which  have  been  previously  latent,  as  spores  on  the  bottom  or 
single  individuals  floating  in  the  coastal  current. 


Of  late,  Swedish  scientists  have  come  to  tolerably  advanced 
conclusions  respecting  the  distribution  of  the  Plankton,  and,  mainly 
on  these,  built  their  hypothe-.es  of  the  system  of  currents  of  the 
North  Atlantic. 


•)  Pmun  [tttj  Table 


Their  views  have  been  given  in  several  works;  first  in  those 
of  At  Kivn.Lirs  [<>«],  based  on  the  animal  Plankton,  subsequently 
in  those  of  CI.KVK  |97|  which  are  based  exclusively  on  the  distri- 
bution of  the  Diatoms.  Various  phases  of  the  hypothesis  ha\e. 
moreover,  been  discussed  in  the  writings  oi  CI.KVK.  KKMAN,  H.mur 
and  I'KTTKKSKON  [97],  concerning  the  condition  of  the  Skagerak 
during  the  period  of  the  Herring  fishing,  and  also  in  PI:I  i  M;--M\ 
and  KKMAX'S  two  last  treatises  nn  the  subject  [!I7  and  98]. 

The  hypothesis  may.  shortly,  lie  indicated  by  saying  that,  tin- 
layers  of  water  in  the  North  Atlantic  move  between  each  other  without 
becoming  mixed  to  any  great  extent,  except  in  the  shallows  on  the 
coast.  They  can  be  recognised  by  their  Plankton  organisms,  just 
as  geological  strata  are  distinguished  by  their  leading  fossils. 

When  thosi-  various  types  of  Plankton,  which  in  Summer  are 
to  be  met  with  in  different  geographical  areas  in  the  North  Atlantic 
and  on  its  seaboard,  occur,  periodically,  in  consecutive  order  in 
the  Skagerak.  this  is  contingent  upon  the  various  layers  of  water 
flowing  in  from  each  its  geographical  pale. 

The  southern  Neritic  species  which  freipient  the  Skagerak  in 
September.  October  and  November,  should  thus  enter  it  from  the 
southern  portions  of  the  North  Sea  along  the  coast  of  Jutland 
together  with  oceanic  forms  from  the  eastern  parts  of  the  Atlantic. 

In  November,  some  northern  Neritic  forms  ought  to  arrive, 
probably  from  the  Norwegian  coast,  as  well  as  Central  Atlantic 
forms  (the  so-called  Clueto-Plankton);  in  December,  West  Atlantic 
oceanic  species  (Tricho-Plankton),  and,  in  February,  Oceanic  and 
Neritic  species  from  the  coast  of  Greenland  (Sira-Plankton),  which 
must,  through  the  increased  bulk  of  the  Polar  current,  be  conveyed 
right  across  the  Gulf  Stream. 

During  the  course  of  the  spring,  these  are  surplanted  by  the 
Central  Atlantic  Plankton,  and  Neritic  forms  from  northern  shores. 
and,  during  the  summer,  the  East  Atlantic  species  reappear  in  the 
deeper  strata,  whilst  the  organisms  of  the  Baltic  current  (Tripos 
Plankton)  till  the  less  saline  waters  of  the  surface. 

In  his  last  great  and  comprehensive  work,  AtiRivii,i,irs  gives 
a  description  of  the  Animal  Plankton  of  the  Skagerak,  from  the 
study  of  which  he  has  arrived  at  similar  results,  which  we  will  refer 
to  in  our  concluding  remarks. 

We  will  now  enter  more  fully  into  CLKVE'S  hypotheses,  in 
order  to  see  whether  they,  in  our  opinion,  can  be  maintained. 

CI.KVK  recognises  the  following  types  of  Plankton. 


Oceanic   Types 

1.  Sira-Pliinkton       (symbol  Si).     Typical  forms 


2.  Tricho-Plankton        —      T 


3.  Chffito-Plankton        —      C 


x  n 


n  r 


\ 

(MM/IIS 


tridii 


0SMHM 

lihizosolenia      M  •>///'  - 
tpitui 
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I  Rhizosolenia      styli- 

4,  Styli-Plankton      (symbol  S).      Typical  forms  { 

[     formis 

(Ceratium  tripos, 

5.  Tripos-Plankton  Tp  „         „      [ Rh ,'izosolenia  alata  f. 

[    gracillima 

Neritie   Types 

1 .  Southern  Neritie  I 

i  VT   \    m_  •    i  /•         ^  Chcetoceros  didt/mum 
Plankton (symbol  Nm).   Typical  forms  ( 

f  S/celetonema      costa- 


tum,  Leptocylin- 
drus  danicus 

i  Chcetoceros  furcella- 
tum.  Fragilaria 

\     oceaniea 

f  Coscinodiscus  concin- 

\     nus 

!  Halosphosra  viridis 


2.  Northern  Neritie 
Plankton Ns 

3.  Arctic  Neritie 

Plankton Ng 

4.  Concinnus  Plank- 
ton    Nc 

5.  Halosphsera 

Plankton  .  Nh 


We  will  first  refer  to  tbe  Oceanic  Types. 

As  we  have  already  stated,  the  conditions  in  the  open  sea  are 
similar  throughout  great  stretches  of  ocean,  and  it  commonly  hap- 
pens that  one  species  predominates  to  such  an  extent  as  to  deter- 
mine the  nature  of  the  Plankton.  Therefore  such  a  classification 
as  that  made  out  by  CLEVE  is  practical  and  applicable  in  many 
instances,  even  if  one  differs  from  him  in  the  hypotheses  attached 
to  it. 

Before  proceeding  further,  we  would  remark  that  CLEVE'S  type, 
Sira-Plankton,  includes  Oceanic  (Coscinodiscus)  and  Neritie  (Tha- 
lussinaira)  forms.  For  the  oceanic,  one  ought  therefore  to  establish 
a  new  type.  Disco-Plankton,  and  place  Sira-Plankton  amongst 
the  Neritie  forms. 

With  this  change,  CLEVE'S  5  types  naturally  embrace  the  5 
Pelagic  Diatoms  which,  also,  from  our  observations,  most  generally 
occur  as  prevalent  species  in  the  Plankton. 

We  thus  get: 


1.  Disco-Plankton 

2.  Tricho- Plankton 

3.  Chseto-Plankton 

4.  Styli-Plankton 

5.  Tripos-Plankton 


Coscinodiscus  oculus  iridis 
Tfialassiothrix  longissima 
Chcetoceros  deeipiens 
Rhizosolenia  stylifarmis 
Rhizosolenia  alata 


A  deciding  question  as  to  the  correctness  of  CLEVE'S  hypo- 
thesis concerning  the  movements  of  the  Plankton  may  be  put,  viz., 
whether  a  type  of  Plankton  -  -  or  Plankton  community  if  we  may 
MM;  a  term  employed  for  the  fixed  plants  —  cannot  become  spread 
in  other  ways  than  by  means  of  the  ocean  currents.  If  CLEVE'S 
theory  were  right,  it  surely  ought  to  be  proved  that  the  Diatomic 
communities  cannot  spring  up  to  any  great  extent  in  parts  remote 
each  other,  even  if  the  natural  conditions  were  similar.  In  such 
a  case  one  might,  justifiably  talk,  lor  instance,  of  Cha:to-water  and 
Tricho-water,  in  which  the  organisms  could  be  regarded  in  the 
same  light  as  leading  fossils  in  geological  strata. 


The  Swedish  scientists  have  not  endeavoured  to  being  forward 
any  proof,  of  this  being  so,  and,  in  reality,  such  could  not  be  done. 
On  the  contrary,  CLEVE'S  own  tables  shew  us  the  possibility  of  such 
independent  development. 

If  but  quite  small  numbers,  for  instance  of  Chseto,  Disco  and 
Tricho  Plankton  species  could  be  found  amongst  an  abundant  Styli- 
Plankton,  the  possibility  is  raised  of  the  other  species  becoming 
gradually  developed  at  the  expense  of  the  Styli-Plankton  when 
the  waters  coo]  or  possibly  undergo  other,  but  hitherto  unknown 
hydrographical  changes.  The  opposite  would  occur  by  an  increase 
of  warmth,  and  even  in  the  Polar  current  itself  a  Styli-Plankton 
might  gradually  become  developed  provided  it  contained  some  in- 
dividuals of  Rhizosolcnia  styliformis  which  had  survived  the  cold, 
or  which  might  enter  it  from  adjacent  currents. 

If  we  regard  CLEVE'S  Table  I  [97]  in  which  he  has  placed  a 
number  of,  in  his  opinion,  typical  samples  of  Styli-Plankton 
from  the  most  different  portions  of  the  Atlantic,  we  will  perceive 
that  in  the  12  samples  the  following  were  met  with. 


Styli-Species 
Chaeto- 

Tricho-  - 
Tripos-  — 


Rhizosolenia  styliformis  .  was  found  in  10  samples 

( Chcetoceros  boreale „       „       -  4 

|  deeipiens . . . .     „       „       -  ti 

I  Thalassiothrix  longisaima    ,.       „       -  5 

\  Rhizosolenia  semispina .  .     „       „       -  3 

Rhizosolenia  gracillima  .    „       ,.       -  4 

In  Table  II,   7  Types  of  Chseto-Plankton 

was  found  in  7  samples 


(  Chcetcceros  boreale 

Chaito-Species 

I  decipiens  .  .  . 


Disco- 
Tricho-  - 

Styli- 
Tripos-    - 


Coscinodiscus  oculus 
i  Thalassiothrix  longissima  . 
\  Rhiz  )solcnia  semispina  . . . . 

xtt/liformis  .  . 
gracillima  . . 


7 
1 
5 
4 
5 
4 


Of  Tricho-Plankton,  p.   6,   10  Typical  samples 

{Thalassiothrix  longissima  .  .  was  found  in    6  samples 


Disco-     — 

Chteto-    - 
Styli- 


Rhizosolenia  semispina  . . . 

Coscinodiscus  oculus  iridis  , 

(  Chcetoceros  boreale 

|  decipiens , 

Rhizosolenia  stylifarmis  . . 


6 

a 

3 

2 
3 


It  will  be  seen  that  even  in  these  samples  which  CLEVE  him- 
self has  chosen,  there  are  sufficient  of  the  other  Plankton  Com- 
munities to  allow  of  their  becoming  developed  when  a  change  in 
the  conditions  of  existence  occurred. 

In  nature,  the  communities  are,  in  most  instances,  even  still 
more  mixed,  even  when  one  predominates.  If  one  refers  to  our 
PI.  4,  Fig.  1,  it  will  be  seen  that  at  Station  V,  the  Chseto-Plank- 
ton predominates,  with  Tricho-  and  Disco-Plankton  in  a  subordinate 
degree.  At  Station  VI,  the  same  exists.  At  Station  VII  the  three 
Oceanic  types  are  equally  developed.  At  Station  VIII,  the  Disco- 
and  Tricho-Plankton  predominates,  with  Chseto-  and  Styli-Plankton 
to  a  subordinate  extent. 


At  Station  IX.    tlu*  Tricho-Plankton   predominates,    the   three  j 
other  communities   only  in  a   subordinate   degree.     At   Station   X 
\er\    small   quantities  »!'  both  Tricho-,  Disco-  and  dueto-Plankton 
are  met  with,  but  none  of  them  predominating. 

It  was  the  same  at  the  following  Stations  which  were  established 
at  different  spots  in  the  sealing  area.  Such  solitary  members  of 
Uie  various  Oceanic  Diatoms  are  to  be  met  with  almost  everywhere 
throughout  the  North  Atlantic  Ocean  at  all  seasons  of  the  year. 

Thus  VASHOKFBX  [97],  during  midwinter,  up  the  Karajak  Fjord 
in  West  Greenland,  found  solitary  individuals,  at  one  time  of  the 
Cka-luciras  tlecipiau,  boreale  or  nllnnticuin,  at  another  of  the  Iflii:,.- 
toltnui  sti/Hformis  or  semispina,  and  also  of  the  Coscintnlixfiif  anilit* 
irul'ut  and  radial 

It  was  all  a  rhaiu-e  whether   the  net  brought  up  one  or  other 
of  these  species,  as  they  were  very  scarce  (see  VAMKUIKX'S  Table  _ 
1  c,  p.  288,  and  GRAN  [97,  2]).     There  is  thus  nothing  to  prevent 
our  assuming  that    the   various   Oceanic  Diatomic  communities  can 
become  developed  independently  in  quite  ditlerent  localities. 

From  tliis  it  is  conclusive  that  the  distribution  of  these  com- 
munities cannot  be  employed  in  forming  conclusions  concerning  the 
connection  of  currents  through  widely  separated  tracts  of  Ocean. 
The  Typical  forms  in  CI.KVK'S  Types  are  so  widely  spread  that 
their  occurence  in  masses  cannot,  as  a  rule,  indicate  those  parts  of 
the  ocean  in  which  the  stratum  concerned  originated. 

At  short  distances,  where  the  hydrographical  conditions  are 
not  allowed  time  to  change,  the  Plankton  may.  however,  yield 
very  important  information.  Thus  it  is  known  that  great  quan- 
tities of  cuttle  ti-li  and  medusa;  are  conveyed,  during  the 
Autumn,  to  the  Skagerak  from  the  North  Sea  and  English 
Channel. 

These  large  animals  have  greater  powers  of  resistance  than 
the  one-celled  Diatoms,  but  the  same  current  carried  with  it  too, 
an  abundance  of  Styli-Plankton,  which  contained  marked  southern 
forms.  Thus,  the  Oceanic  Rhizosolenia  robusta-,  Norm.,  was  .found 
off  Langesund  on  the  f»th  November  1897.  It  is  common  in  the 
Mediterranean  but  not  met  with  previously  in  a  higher  northern 
latitude  than  off  Plymouth. 

But  such  migrations  of  the  Plankton  communities  can  only  be 
deemed  possible,  provided  the  conditions  of  life  remain  somewhat 
unaltered.  On  lengthy  journeys,  the  conditions  become  changed  - 
we  need  only  to  look  at  the  charts  to  see  how  the  temperature  of 
the  (Jult'  Stream  drops  as  it  approaches  the  North  --  and  the 
Plankton  organisms  be  surplanted  by  other  species. 

It  is  quite  another  matter  that,  owing  to  the  Diatoms  being 
very  sensitive  to  hydrographical  variations,  the  investigation  of  the 
Plankton,  combined  with  readings  of  temperature  and  chemical 
re  earch,  becomes  a  means  of  studying  the  hydrography  of  the 
various  ocean  currents. 

Thus,  inter  alia,  our  PI.  -I.  shews  that  two  adjoining  ocean 
currents  can  possess  a  very  different  Plankton. 

But  as  the  Plankton  organisms  are  dependent  on  the  hydro- 
graphical  relations  (temperature,  salinity)  they  cannot  enlighten  us 
on  any  point  other  than  what  we  also  could  discover  by  accurate 
hydrographical  investigations. 


Given  equal  conditions,  the  same  Plankton  organisms  will  !><•- 
come  developed  provided  the  necessary  germs  are  present,  and  this 
fact  as  a  rule  holds  good  in  respect  to  the  Pelagic  Diatoms. 

In  respect  to  the  Neritic  Diatoms  the  conditions  are  much 
more  complicated,  as  they  possess  many  more  species.  CI.KVK  re- 
cognise- :>  types. 

1.    Didymiis-Plankton  or  Southern    Neritic  Plankton  (Nm)  Typical 
Forms 

Cha-twn*  il  nl  I/IK  a  a, 


Sehiittii 
iin  /mA7/V//.--io,  and  others 

2.  Northern  Neritic  Plankton  (Ns)  with  its  Typical  Forms 

Ltptooylindrue  ilnnicus 
Xh-li-loiH'ma  costntitiii 
Cha-tuceros  laciniosum 
Lauderia  annulnln 

3.  Arctic  Neritic  Plankton  (Ng) 

Aclniailthi'*    Id  lii'ltn 

Fm</iliirin  oi'i'dnica 
Chcetoceros  furccllolinn 
Thalasaiosira  hya  I  inn 

4.  Concinnus-Plankton  (Nc) 

(  W/'»w/  /'.»•<•</.-•  rinicninus 

Bid/1  III  jilliil    IlinliHirllsjx 

5.  Halosphaera-Plankton  (Nh 

Haloxpluenr  i  rid  if 
To  which  must  he  added 

6.  Sira-Plankton 

ThahootiuKirH  NordensJnoldu 

gnurida 
Ckcetoc-eros  diadema 

soaaJe 
CLEVE  has  included  this  in  the  Oceanic  Disco-Plankton. 

All  these  Neritic  types  of  Plankton,  which  at  different  times 
are  met  with  in  Skagerak,  are  supposed  to  be  in  constant  movement 
with  the  currents,  but  none  of  them  are  said  to  proceed  from  the 
Skagerak  itself.  CLEVE  says  ([97]  p.  3)  "These  Neritic  forms  move 
with  the  currents  along  the  coasts,  and  I  believe  there  are  no 
stationary  species  among  them." 

Thus  Type  No.  1  (Nm)  is  presumed  to  enter  the  Skagerak 
from  the  southern  parts  of  the  North  Sea;  No.  2  (Ns)  from  the 
West  Coast  of  Norway;  No.  3  (Ng)  belongs  to  the  Arctic  shores 
of  Greenland  and  Spitzbergen;  No.  4  and  5,  the  North  Sea,  and 
the  Sira-Plankton.  it  is  presumed,  comes  from  the  Coast  of  Greenland. 

None  of  the  Types  therefore  are  supposed  to  belong  to  the 
Skagerak  itself,  and  yet  there  is  found  there  a  greater  mass  of 
Neritic  Plankton  than  is  to  be  met  with  at  any  other  spot  on  the 
seaboard  of  the  North  Sea  or  Northern  Ocean.  It  is  only  the 
Cattegat  and  the  Lim  Fjord  that  possesses  Neritic  Plankton  in 
greater  abundance. 
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As  all  these  species  are  really  coastal  forms,  as  CLEVE  him- 
self has  found  out,  is  it  a  priori  very  improbable  that  not  one 
single  species  belongs  to  the  shores  of  the  Skagerak.  And  on 
closer  observation  of  the  individual  types  this  shews  itself  still 
more  clearly. 

The  first  Neritic  community,  the  Didymus-PIankton  (Nm),  occurs 
in  the  Skagerak  during  summer  and  autumn  when  the  water  is  warm. 
In  like  manner  we  meet  with  the  Sira-Plankton  (Si)  when  the 
temperature  is  at  its  lowest  in  the  months  February  to  April. 

There  are  thus  two  annual  maxima  in  the  Neritic  Plankton. 
The  one,  during  the  warmest  time  of  the  year,  formed  of  species 
which  are  most  widely  diffused  on  more  southern  shores  (Cluetoceros 
didymum,  Schiittii,  Weissflogii,  Ditylum  Brightwelli,  Jiiddulphia 
mobiliensis  &c.);  the  other,  which  attains  its  maximum  during  the 
coldest  season  of  the  year,  formed  of  northern  species,  Thalassiosim 
grainda,  Nordenskioldii,  Coseinodiscus  polychordus,  Chcetoceros  debile, 
diadema,  sociale,  Biddulphia  uurita.  On  the  colder,  northern  shores 
(Greenland,  Spitzbergen),  where  these  species  may  be  met  with  in 
great  numbers,  they  attain  their  maximum  during  the  warmest 
months  of  summer. 

It  is  not  alone  the  Plankton  Diatoms  that  have  two  such 
annual  periods.  A  like  phenomenon  is  to  be  found  amongst,  for 
instance,  the  higher  Marine  Algae. 

The  annuals  amongst  these  are,  either  the  summer  forms  which 
develop  during  the  summer,  and  fructify  during  the  autumn  (for 
instance  Nemalion  multifidum,  Dictyota  dichotoma,  Cutleria  multi- 
fida,  Delesseria  ruscifolia,  Cystodonium  purpurascens,  Potysiphonia 
byssoides),  or  the  winter  forms  which  fructify  during  the  spring 
(Scytosiphon  lomentarius,  Dumontia  filiformis.  and  the  Monostroma 
species).  Also  in  respect  to  these  it  is  certain  that  the  Winter  Flora 
chiefly  consists  of  northern  species;  the  Summer  Flora,  of  forms 
which  attain  their  maximum  development  in  warmer  seas. 

The  Stationary  Diatoms  too  attain  their  greatest  development 
at  the  same  seasons,  and  can  then  cover  the  algae  of  the  littoral 
with  a  close  brown  felt. 

All  these  forms  are  undoubtedly  stationary.  As  crusty  cove- 
rings to  stones  and  rocks,  they  lie  dormant  during  the  unfavour- 
able seasons. 

It  appears  to  us  to  be  most  natural  to  assume  the  like  in 
respect  to  the  Neritic  Diatoms,  when  we  know  that  they  have 
the  power  of  forming  spores  which  fall  to  the  bottom.  Through 
PETERSEN'S  investigations  -'n  the  Lim  Fjord  we  have  besides  proof 
that  the  Neritic  Diatoms  may  be  stationary. 

CLEVE'S  Type  2  (Ns),  is  composed  of  forms,  which,  in  his  opinion, 
come  from  the  West  Coast  of  Norway.  He,  however,  says  ([97] 
pp.  7,  8)  that  he  is  not  from  personal  experience,  acquainted  with 
the  Plankton  of  the  Norwegian  coast,  but  only  draws  his  conclusions 
from  the  appearance  of  the  species  in  the  Skagerak.  CLEVE  does 
not  give  any  reason  on  which  to  base  this  assumption,  which  is, 
in  any  case,  erroneous,  as  none  of  those  species  are  typical  of  the 
Norwegian  West  Coast.  They  are  all  to  be  met  with  there  at 
various  seasons,  but  only  as  subordinate  constituents  of  the  Plankton. 

This  can  be  seen  from  our  Tables  A,  3  &  5)  and  from 
CLEVE'S  later  researches,  mentioned  in  PETTEKSSON  and  EKMAN'S 
work  [98]. 


The  typical  forms  on  the  West  Coast  of  Norway  are,  as  we  have 
already  indicated,  on  the  whole  the  same  as  those  of  the  Skagerak. 
As  is  usually  the  case  with  the  fauna  and  flora  of  neighbouring 
coasts,  the  Neritic  Plankton  in  both  places  contains  most  of  the 
species  in  common,  and  the  difference  mainly  consists  in  the  rela- 
tive numbers  of  the  species  being  altered.  The  4  species  that 
are  named  are  at  least  as  common  in  the  Skagerak  as  on  the 
West  Coast,  and  there,  therefore,  exists  no  reason  for  withdrawing 
them  from  the  others  and  placing  them  in  a  separate  group. 

This  theoretically  constructed  Plankton  group  must,  therefore, 
in  any  case  in  its  present  form,  be  abandoned.  If  it  is  to  be 
replaced  by  any  other,  the  West  Coast  Flora  must  be  divided  into 
many  communities,  as  the  Plankton  there,  just  as  in  the  Skagerak, 
changes  with  the  seasons. 

Such  a  division  we  however  consider  to  be  of  little  consequence 
so  long  as  we  do  not  know  more  of  the  development  and  life  of 
the  Neritic  Plankton. 

CLEVE'S  other  three  types,  the  Arctic  Neritic  Plankton,  Con- 
cinnus-Plankton  and  Halosphffira-Plankton  we  will  treat  of  shortly. 
The  first  is  a  well  defined  community  of  high  Arctic  forms  which 
vegetate  during  winter  along  the  whole  of  our  Northern  Ocean 
shores  (southern  limit  at  Stadt),  and  which  during  summer  are  but 
met  with  on  the  coasts  of  Greenland  and  Spitzbergen. 

The  Concinnus-Plankton  and  Halosphsra-Plankton  are  pre- 
sumed to  belong  especially  to  the  North  Sea.  We  do  not  possess 
sufficient  materials  to  form  an  opinion  on  the  correctness  or  other- 
wise of  adjudging  these  to  be  separate  communities. 

The  Coseinodiscus  concinnus  we  have  deemed  to  be  Oceanic 
on  account  of  its  close  relationship  to  C.  oculus  iridis.  From  G. 
MURRAY'S  investigations,  which  we  unfortunately  are  only  acquainted 
with  from  the  preliminary  treatise  in  the  Fishery  Boards  Report 
[97],  it  appears  to  have  spores,  so  that  it  may  be  regarded  as 
truly  Neritic. 

Halosphcera  too,  appears  to  possess  a  sort  of  cyst  formation*), 
which,  however,  has  not  been  more  fully  investigated.  Its  range 
is  very  great,  being  met  with  from  the  Mediterranean,  where  it 
was  first  discovered,  to  the  Lofotens,  and  in  to  the  very  quays  of 
Christiania. 

We  cannot  here  enter  more  fully  into  the  various  forms  of 
the  Neritic  Plankton.  If  these  organisms  are  to  be  divided  into 
communities,  one  would  have  to  arrange  the  species  in  groups, 
according  to  each  stretch  of  coast,  requiring  similar  conditions  of 
existence,  and  attaining  their  maximum  at  similar  seasons.  In  order 
to  do  this  we  have  yet  too  little  material  to  go  upon,  but  we  do 
not  doubt  that  this  can  be  done,  and,  when  it  is  accomplished, 
that,  by  comparing  the  development  of  the  corresponding  groups  at 
the  various  places,  we  should  obtain  important  contributions  towards 
comprehending  the  climate  of  the  ocean. 

The  Neritic  Diatom  Plankton  can,  to  still  less  an  extent  than 
the  Oceanic,  give  any  basis  for  hypotheses  concerning  the  flow  of 
waters  from  distant  parts. 

The  Sira-Plankton  disappears,  for  instance,  from  the  shores 
of  Greenland  in  September,  appearing  in  the  Skagerak  first  in 


*)  Shortly   described   in    a    preliminary   note   by   CLEVE.      We   also    have 
occasionally  met  with  such  formations. 


February.  If  this  migrates  directly  across  the  Gulf  Stream,  "it 
most  thus  take  .S  months  to  perform  the  journey,  and  during  that 
period  be  exposed  to  great  hydrographical  changes.  It  has,  however, 
nerer  as  yet  been  observed  on  its  way,  so  that  there  exists  nothing 
whaUover  to  allow  of  our  assuming  the  probability  of  such  a 
migration. 

We,  therefore,  have  come  to  the  conclusion  that  the  Plankton 
Diatoms  cannot  be  used  as  indicatory  organisms  in  the  comparison 
of  far  separated  places,  as  their  migratory  powers  arc  not  great, 
and  the  same  kinds  of  Plankton  can.  in  all  probability,  be  deve- 
loped at  different  places  under  like  conditions. 

With  the  large  animals  of  the  Plankton,  matters  are,  however, 
very  different.  The  Animal  Plankton  has  been  very  thoroughly 
gone  in  to  by  AfRivu.i.irs.  who.  especially  in  his  latest  great  work 
[98]  gives  a  general  account  of  their  relation  to  the  ocean  currents. 

Ai'RiviLLirs  bases  his  observations  on  the  Plankton  of  the 
Skagerak.  which  is  partly  endogenous,  and  partly  allogenus. 

The  allogcnus  -pecies  he  separates  into  5  groups. 
1     Forms  from  the  Jutland  current. 
•2.    Forms  from  the  amalgamated  waters   in    the   Northern  Ocean. 

3.  Forms  from  the  northern  parts  of  the  Gult  Stream. 

4.  Forms  from  the  Arctic  current. 

5.  Forms  from  the  Baltic  water-. 

This  classification  has  been  partly  founded  on  the  distribution 
of  the  species  in  the  Northern  Ocean  Ac.,  which  however,  is  to 
-inn-  extent  but  little  known,  and  partly,  and  especially  on  their 
periodical  appearance  in  the  Skagerak. 

Thus,  for  instance,  the  forms  in  the  Jutland  current  attain 
their  maximum  in  September— October;  those  of  the  Arctic  current 
in  February. 

The  Author,  however,  say-,  (1.  c.  p.  127)  "Wenn  ferner  die 
Erscheinungszeiten  der  Fonnen  einer  jeden  dieser  funf  binnen 
Jahresfrist  auftretenden  Klassen  unter  sich  verglichen  werden,  so 
p-ht  hervor.  ilass  sie  nicht  in  der  Meinung  von  einander  gesonclert 
sind,  dass  die  cine  auftritt,  wenn  die  andere  verschwindet  oder  im 
Ruckgang  begriffen  ist,  sondern  vielmehr  grerfen  die  Perioden  in 
einander  fiber  so  dass  glcichzeitig  Ms  auf  vice  Katciroricn  vertreten 
-in  ki. nnen.  So  ist  2.  B.  im  Januar  der  Fall,  wo  noch  einige 
Formen  der  Jfltschen  Strcimung  zu  treffen  sind,  wahrend  dass 
gleichzeitig  alle  drei  Gruppen  nordlichen  Ursprungs  melir  oder 
weniger  zahlreiche  Vertreter  haben." 

In  this,  in  our  opinion,  lies  the  kernel  of  the  question.  We. 
consider  it  as  settled  that,  throughout  the  year,  bodies  of  oceanic 
water  flow  into  th<-  Ska-.'i-iak.  especially  along  the  coast  of  Jutland 
where  the  strong  current  which  pours  in  has  lonj:  lieen  recognised. 


And  the  water  must  convey  with  it  Oceanic  organisms,  provided 
they  have  sufficient  powers  of  resistance  to  withstand  the  changes 
that  occur  in  the  surrounding  wr.ter. 

But  we  regai d  it  as  being  doubtful,  whether,  from  the  solitary 
species  or  group,  it  is  possible  to  indicate  with  certainty  the  pale 
of  sea,  or  the  ocean  currents  from  which  they  originate. 

Two  stretches  of  ocean  or  land,  with  not  too  different  a  climate, 
own.  as  is  known,  most  species  in  common,  whilst  but  a  minority,  of 
most  often  rare,  sensitive  forms,  are  typical  of  individual  spheres. 

And  even  were  it  possible  with  certainty  to  say  that  certain 
species  but  existed,  for  instance  in  the  Polar  current  (such  as 
Ciilniins  hi/jH'rlmrnu,  Cliotie  limacina),  one  cannot,  therefore,  either 
in  the  North  Sea  or  Skagerak  point  out  certain  layers  of  water 
as  being,  or  having  been  direct  continuations  of  the  Polar  current. 

This  current  shews  its  influence  by  giving  the  northern  por- 
tion of  the  Gulf  Stream  a  lower  temperature  and  lesser  salinity  than 
eUewhere.  \\V  saw  on  PI.  4,  that  the  great  development  of  the 
Polar  current,  during  the  winter  and  spring  of  1897,  lowered  the 
maximum  temperature  on  the  line  Sogne  Fjord  -Jan  May  en  (12th  — 
15th  May)  to  7fl.2.  whilst  in  1896,  at  the  same  period  it  was  9°.6. 
The  Polar  current  is  checked  to  the  north  of  the  Shetland  Islands, 
but  as  all  the  Arctic  organisms  can  thrive  in  water  of  o°  to  7° 
(see  AURIVILLIUS  1.  c.  p.  87 — 91),  they  may  he  conveyed  on  in 
the  amalgamated  layers  to  the  North  Sea  and  Skagerak. 

As  AI'KIVILLIUS,  generally  rinds  his  geographical  groups  inter- 
mingled, this  surely  likewise  indicates  that  the  waters  become 
mixed,  and  that  it  is,  thereby,  impossible  to  point  out  strata  of  any 
certain  origin. 

The  oceanic  waters  which  How  into  the  Skagerak  must  pass, 
partly,  through  the  English  Channel,  partly  through  the  northern 
entrance  to  the  North  Sea,  and  the  Norwegian  Channel.  The 
nature  of  the  in-flowing  layers  are  therefore  determined  by  the 
hydrographical  conditions  existing  in  those  parts. 

There,  as  everywhere  else,  the  changes  of  the  seasons  affect 
the  ocean  water  and  its  organisms,  so  that  the  temperature,  and 
the  Pelagic  Fauna  and  Flora  obtain  an  annual  period.  This  compli- 
cation alone  can.  in  our  opinion,  cause  great  yearly  changes  in 
the  Plankton  of  the  Skagerak.  To  this  must  be  added  the  fact, 
that  the  Gulf  Stream  during  winter,  in  the  northern  portion  of 
the  North  Sea.  becomes  chilled  by  the  proximity  of  the  Arctic 
current,  and  that,  possibly,  its  fauna  is  supplemented  with  Arctic- 
animals. 

The  biological  conditions  can,  thus,  not  affect  the  results  of 
our  bydrographioal  studies.  The  general  result  of  the  combined 
Cations  we  may  sum  up  in  the  following  manner. 


Resume, 


I  HE  Hydrographical  Conditions  in  the  Northern  Ocean  are  deter- 
1  mined  by  three  factors,  viz.,  the  Gulf  Stream,  the  Arctic  Current 
and  the  Continent.  The  influence  of  each  of  these  factors  is  subject 
to  annual  periods  having  their  maxima  and  minima. 

The  Gulf  Stream  reaches  its  maximum  during  the  summer. 
It  then  attains  those  dimensions  with  which  we  have  been  made 
acquainted  through  the  instrumentality  of  the  Norwegian  Northern 
Ocean  Expedition.  In  November  it  begins  to  decrease,  and  by  the 
winter  its  thickness,  both  on  the  surface  and  down  in  the  deep, 
diminishes.  Whilst  it,  during  summer,  covers  the  greatest  portion 
of  the  surface  of  the  Northern  Ocean,  it  in  winter  becomes  reduced 
to  a  narrow  stripe  running  in  the  direction  SSW  to  NNE,  throughout 
the  central  and  easterly'  portions  of  the  Northern  Ocean.  But, 
nevertheless,  it  forms  a  barrier  at  all  times  of  the  year  between 
the  East  Iceland  Arctic  current  and  the  North  European  coastal 
sea.  In  the  deeps  of  the  Norwegian  coast  the  annual  period  is 
seen  through  its  being  met  with,  during  summer,  up  to  50  metres 
below  the  surface,  whilst,  during  winter,  it  sinks  to  a  depth  of  2<>0 
to  250  metres. 

In  addition  to  the  annual  period,  the  Gulf  Stream,  according 
to  our  investigations,  likewise  undergoes  changes  from  one  year  to 
another,  but  we  cannot,  from  the  materials  to  hand,  determine 
whether  these  variations  are  connected  with  a  great  period  or  not. 

The  eastern  branch  of  the  Arctic  current  (to  the  eastward 
of  Iceland)  is  forced  back  during  the  summer,  so  that  it  but  reaches 
the  south  eastern  point  of  Iceland.  During  winter,  on  the  other 
hand,  it  attains  so  great  dimensions,  during  March  and  April,  as 
to  occupy  the  whole  of  western  portion  of  the  Northern  Ocean 
from  the  surface  down  to  a  depth  of  at  least  2  to  300  metres.  During 
this  period,  as  in  1897,  it  can  descend  so  far  in  a  SSE  direction, 
as  to  be  separated  from  the  Shetland  Islands  by  but  one  degree 
of  latitude.  There,  however,  its  course  is  always  checked  by  the 
northern  branch  of  the  Gulf  Stream,  but  probably  a  great  admix- 
ture of  their  waters  occurs. 


This  current  too,  is  subject  to  great  changes  from  year  to  year, 
and  these  changes  are  most  closely  connected  with  corresponding 
changes  in  the  Gulf  Stream. 

The  Coastal  Water,  along  the  entire  coast  of  Norway,  under- 
goes the  same  annual  periodical  changes  as  previously  described  by 
HJOBT  [95].  The  most  striking  phenomenon  in  this  period  is  the 
increasing  thickness  of  the  coastal  water  during  the  autumn  and 
winter,  whilst  the  Gulf  Stream  is  simultaneously  forced  down  to- 
wards the  bottom.  From  our  investigations,  this  expansion  is 
chiefly  caused  by  the  mixing  of  Atlantic  water  with  fresh  water 
from  the  continent,  and  not  by  the  Addition  of  water  from  the 
Arctic  Ocean.  HS  is  assumed  by  PETTEESSON  and  EKMAN. 

The  Plankton.  In  the  foregoing  pages  we  have  given  an  account 
of  the  various  kinds  of  vegetable  Plankton  existing  on  the  shores  of 
Norway,  and  the  annual  periodicity  in  the  occurrence  of  the  indi- 
vidual Plankton  organisms. 

Of  more  general  interest  are  our  enquiries  into  the  causes  of 
this  periodicity.  It  is  caused  on  the  one  part  by  the  stationary 
coastal  forms'  dependence  on  the  physical  and  chemical  conditions 
necessary  to  life,  as  individual  species  flourish  under  those  specific 
conditions  which  favour  them,  and  fall  to  the  bottom  in  a  dormant 
state  so  soon  as  those  conditions  are  absent.  On  the  other  part, 
the  ocean  currents  convey  oceanic  organisms  from  adjacent  portions 
of  the  North  Atlantic.  The  fate  of  these  organisms  is  too,  both  in 
the  ocean  and  the  coast,  entirely  dependent  on  hydrographical  changes. 

Their  occurence  on  the  coast  is  thus  dependent,  partly,  on  the 
hydrographical  condition  of  the  eastern  branch  of  the  Gulf  Stream, 
and  partly,  on  the  conditions  present  on  the  coast  itself. 

As  all  the  inflowing  bodies  of  oceanic  water  are  of  an  Atlantic 
kind,  the  Arctic  organisms,  which  may  be  met  with  at  certain  times, 
must,  in  any  case,  pass  through  Atlantic  water  if  they  really  are 
derived  from  the  Arctic  current,  but  their  subsequent  appearance, 
in  the  colder  and  fresher  water  on  the  coast,  is  no  proof  of  the 
coastal  water's  Arctic  origin. 


Bibliography. 


96.  Armiviujtt.  C.  W.  8.      Diu   Plankton   der    Haffinc   bay   und    Davis   Strait. 

1896.     Fe*t*krift  for  LHjebory. 
98.  Vergl*ioh«nde    thiergeograft'sche    Unt*r»uchungen    iiber    die 

Planktonformen   d--  ki   in   den   .Jahren   1893—1897. 

1898.       Kungl.    Srriuka     Krt<-«dbi;i>'//.-<i./.m/V;is     llniulliiiijar. 

I!  ::0.  no.  3. 
66.     BRIOHTWRLL,  TH.     On  the  Filamentous.    Lonuli  irned  Diatomace*,    with  a 

Description  of  T«o  N.-H    S|, .-.•(.•*.     1856.     Qtiarterly  Journal 

of  Mkroteopieal  .Science .      I-'.   /I". 

•86.     CAlTkACAXB  DFOLI  AsTBLNiiiEi.i.i.    A.  F.      Report    on    the  Dmtomaceee  col- 
lects!  by    II.    M.    s.    Challenger  durinir  tin-  years  1873—76. 

1886.      Kfl-mtof  thr  .1-irntifir  /,',  XK//.S   nf  II,,-   Vui/w/f  of  H.  M. 

S.  OtaUfngtr.     /*../«•••/.      V../.  II. 

97.  Cars.  CARL.     Die  Bezielmnp-n  zwischen  dem  arktischen  und  antarktischen 

Plankton.     Stuttgart    I.V'T 

94.     CLBVB.  P.  T.      Planktonundersokninjfar.      Bihang   til  kongl.   xn-iiaku    Vrten- 
tkaptakademiees  Handlingar.     B.  2<>.  Afd.  Ill,  no.  S. 

96.  Vegetabilxk  Plankton.     Jl>i,lfin   H.    :':>.  Afil.   III.  no.  5. 

97.  A  TreatUe   on    the  Phytoplanktoii  of  the  Northern  Atlantic 
and   its  Tributaries.      1897. 

97.     CLEVE.  P.  T.,  EKJIAN.  <i..  HJORT.  .IOHAS  og  PETTPRSSOX.  OTTO.     Ska<;eraks 

tilstand   iimler  indev;«>rende  (UdeflekejMrfode. 
54.     KIIBBNBKRO.     Hikrogeologie.     lv>l 

97.  Pn,TO»,  T.  W.     On  the  Currents  of  the  North  Sea.    ami  their  Relation  to 

Fisheries.       1W»7.       f'ifirm'li    Annidil    lirfmrt   of   the  Fishery 

Board  for  Srntlttn.l,   Briny  for  tlie   Yrar  1S96. 
97.1.     GEAR.  H.  H.     Protophvta:    lliMtomm-we.   cilinrt:i!;ell:it;i   Og   Silicoflagellata. 

IM'T.      /•  \>i,->ll,iii-s.K'i'flitii>,i.     1R76—78. 

97A  Bacillarini-een  :m*  ili-tn  klpinen  K:ii-aiakfjord.      1897.     Biblio- 

Ouka  bot.i-i'-a.     Ifrft.  42. 
97j.  Bemerkiin^en    iilier    das    Plankton    des    Arktischen    Meeres. 

i.-!'7.  llcrii-hif  'in- 1>  i//«7,,-,,  Batmuebm   i.,-*:-li«<-luift.  Ji.XV. 
84.     OBCXOW.  A.     Diu  Di.-itoin.'-n  von  Franz  .Io--pli-  Land.    1884.    Dnikscliriften 

d.  kaisrrl   Ak-i-l.  <l.   11'i.vx.     .Vn/A.-.Vn/M»-«-.  fl.     B.  48. 
90.     HAOKBL.  ER.XST.     Plankton-Studien.     Jena  Is"11. 
87.     HBSIBK.  V.     Deber    die    Bestimmnng    des    Planktons   oiler   <le*   im   Meere 

treibenilnii  Materials  an  I'flanx.en  und  Tliieren.    1SS7.     Fiinfter 

Berirltl  ilfr  Knmmixitinn  :nr  I  ;  iln-  ilt-utfr],,  H  Mfirr. 

96.     HJORT,  JOHAK.     Hydrografi^k-biolo^iske  studier  over  norske  fiskerier.   1895. 

Undenegelaer   over   organi<nierne   ug   stromforholdene  i  det 

norske  Nordhav.     Xatitren  /v/r. 
94.     LACDBR.     Remarks   on    the   Marine    Diatomacea    found     <•    ll-i.-.-koiiir.  with 

Description!    of   new    Species.      18H4.      Transactions  of  the 

Micr.  Sot.  Lon-l  A.  .v.      Vol.   Ml. 
96.     LAI-TERRORS.  R.     Ueber  das  Vorkommen  der  Iiiatomeen-Oattungen  Attheya 

and    Rhizi'K'/miii    in   den  Altwassern  cl'h  ( iberrheins.     189H. 

Berickte  i.  aeuttchen  botanisehen  (, YW/. ,•/•«//.     /?.  XIV. 
68.     LoRJUtz,  J.  R.     Phyirikalisch^  Verhiiltnisse  und  Vertlieilung  der  Organismen 

im  Qnariii-risrheii  Oolfe.      WI-MI    18ft3. 

98.  MROtHARDn.  W.     Ueber  einii{e  meteorologisrlie  Il.-xii-lniii!:<-ii  /wischen  dem 

itla  itisrhcn  Ocean  und  Kunpa  tin  WintHrhalhjnlir.    1898. 

Meteorolngitcht  Zeilgchri/l.     /»'.    \  i .  //.  3. 

87.     MOB*,  H.     NordhaveU  Dybder.    Temperatnr  Mincer.      1H87.     Den 

nomke  Nor dhavs- Expedition  1H76—78. 


97.  MURBAT,  O.     Report  of  Observations  on  Plant  Plankton.     1897.      Fiftrrnth 

Annual  Report  of  the  Fishery  Board  for  Scotland.   I'uft  III. 
88.      MCRRAT.  J.      On   the    KflecU  of  WincN   on    tlie    Distribution    of  Temperature 

in  the  8«a-  and   Fresh-wM«r  Lochs  of  the  West  of  Bcotland. 

L88&     The  Scottish  (7<w/»Yi/;/iiY«/  Mtiyazine. 

Summary  ot  the  Contents.     Report  of  thr  Xtifntific  R  wilts  of 

the   Voyage  of  H.  M.  N.   ( hnllni./,;: 
93.     PBTBRSBD    C.  O.  Jon.     Det  videnskabelige  iull>\ -tie  nf  kanonbaaden  "Hauch's 

toiler  i  <le  danske  have  indenlbr  Skaj^en  i  aai  •  IH    l1-^:! — 86. 

98.  Planktonstndier  i  Linifjorden.    1898.     Berrtniny  til  Inil' 
ministerift  fra  Den  il<mnkr  hiologiske  Stiition.      \'I I. 

96.  PBTTERSSON,   O.     Ueber   die   Bezielnin^'iMi    xwisrhen    liydro<.>raphisrlii'n  und 

uieieorolo^isclien   Pliiiiiomeiien.     lH!"i.      M,  tforohyische  Zeit- 
schrift.     I!.   Mil. 

91.  PBTTKB88ON.  O.  and  KKMAN.  fl.  Grunddragen  af  Skageracks  ocli  Kattegat^ 
Hyilrografi.  1891.  Koni/1.  Si'fiigka  Vetrnskap*.  Akademitn* 
Ilimdliniiar.  />'.  '.'/.  nn.  11. 

97.  De  hydro^rati-'ka   t'l'iriindringar  indom    Nordsjons    och    Oster- 
sjons  Omraail-  unrler  tiden   1893—97.      1897.       //-I./.-IH.      B. 
5.9,  no.  .5. 

98.  Die     hrilr»i;rapli»chen    Verhiiltnisse     der     oberen    Wasier- 
schichten  des  niirdlichen   Nonlmeere-i   /wisrhen   Spitsbergen, 
Gronland   und   der  norwogiaohon  Kiiste  in  den  Jahren 

und    1897.       1S9H.      Biluiinj  til  k.  srenxkn    \,l:,lsk,il 
miftm  HnmlUtii)  i:     B.  i*5.     Afd.  I,  no.  4. 

96.  RORDAU,  K.  De  hydrografiske  Forhold  i  de  danske  Farvande  indenfor 
Skagen  i  1891 — 93.  189H.  Brrrtnimj  frn  linnnnimnonrn  for 
riiliiixknlirliii  I 'mli'i-Kiii/flxr  nf  ilanxkr  h'nt  i-mide.  B.  I. 

96 — 97.  ROTHE,  R.  Isforholdene  i  farvandene  Ost  for  Gronland  og  i  Daxis- 
strsedet  saint  Hav.-ts  ( Ivertla-letemperatur  i  det  nordlige 
Aiianterliav  o«  Davisstrtedet  189<i.  .\fi-lfnrohgisk  Aarliog 
1896,  III.  1897.  /'«•/  ilniixki-  ii«'ti-in-<ila<iigkr  Iinttitnts  nfiutixk- 
meteorolngiske  ObservaKoHer  1$97. 

95.1.  RYDER,  C.  l».-n  .-iL'i.'.niatKlske  Kxpedition  1K91  — ifj.  HyilroL'ratiske  Un- 
dersegelser.  1N9.">.  Mtddeldser  om  Gronland  X\'II. 

95.a.  Isforholdene    i    Farvandene    (")st    lor    (iri'mland    og   i   Davis 

Stra-det    1S95.     Meteoroloi/ixk  Aarliog  l*!i:>,   T.    III. 

96.  Isforholdene  i  Xordhaver   1877  —  92.      'Hilsxkrift  for  Soreesen 
1896. 

79.  SABS,   G.  O.      Indheretninnrer    til    Departementet    for    det    Indre    om   de   1 

Aarene    Istil  -78   anstillede   UndersSffelser   angaaende   Salt- 
vandsfiskerierne. 

97.  SCHRODER,  B.     Attheya,    Jtliizosolfiiia   und    andere   Planktonorganiamen    im 

Teiche  des  botiinischen  (Jartens  /u  llreslan.     1897.     Berii-Mf 

der  dtnlschen  botanisehen  Genellsdiaft.     11.  AT. 

88.     SOHfrrr,    Fr.      Ueber  die  Gattung  Ouetoceros.     Botanwche  Zeitung  1888. 
93.  l><-   Pflanzenleben  der  Hochsee.     Kiel  u.  Leipzig.     1893. 

96.     STRODTMASN,  8.     Planktonuntersuchungen    in   holsteinischen    und    mecklen- 

burgischen   Seem.      1896.      Forschungtbericht  aus  der  biolo- 

gi\chen  Station  zu  Ftb'n.     Th,  4. 

80.  ToasdB,  H.     Chemi.     1880.     Den  norske  Nordhav»e.ri><'<liti<>n  1876—78. 
87.     VAJTHOTFBW,  B.     Die  Faun:,  und  Flora  Grdnlands.     1897.     Gronlandt-K.rpr- 

dition  der   Gesellschaft  fiir   Erdkunde  zu   Berlin    1891—93. 
B.  II.  1  Theil. 


HYDROGRAPHICAL    TABLES 


A.     Summer  time. 

I.    Sections  off  the  Norwegian  coast  June  and  July  1895. 


1895 

5 

>, 

so 

=  1- 
1  11 

.0    cfi    0) 

Saline  contents 

1895 

OJ 

>, 

so 

111 

||| 

Saline  contents 

No. 

_ 

fa 

1 

1 

i 

r  -  3 

ft  £    « 

Cl. 

Salt 

Salt 

No. 

» 

h 

~ 

o 

1 

d 

•3  -  £ 

£  ** 

01. 

Salt 

Salt 

n 

o 
H 

£ 

3 

o 

CO 

a"o  .0 
fif  ° 

H*l 

pel- 
litre 

per 

litre 

per 

mille 

t 

O 

X 

* 

3 

p 

o 

CO 

<H   '—      - 

O-g 

l^s 

per 

litre 

per 

litre 

per 

mille 

a)  Section  off  Stavanger. 

d)  Section  off  Christianssund. 

June 

58°27'.5 

Meter 

July 

63°55' 

Meter 

1 

22 

9.15  a.m. 

4»16'.5 

0 

12°.20 

17.36 

31.41 

30.71 

7 

2 

7Vo  a.m. 

5»52' 

0 

10°.90 

19.35 

34.98 

34.12 

5 

12  .00 

17.68 

32.00 

31.26 

10 

10  .95 

19.50 

35.25 

34.36 

10 

11  .50 

17.74 

32.09 

31.37 

20 

9.46 

19.60 

35.42 

34.53 

15 

9  .60 

18.83 

34.05 

33.20 

30 

5.96 

19.55 

35.32 

34.45 

18 

9  .70 

18.83 

34  05 

33.20 

40 

6.00 

19.84 

35.86 

34.95 

20 

9.80 

19.22 

34.75 

33.88 

60 

6.16 

19.89 

35.96 

35.04 

30 

5  .60 

80 

.    7.50 

20.10 

36.28 

35.37 

40 

5.40 

19.62 

35.47 

34.56 

.120 

7.29 

20.22 

36.49 

35.59 

60 

5.80 

19.93 

36.02 

35.11 

200 

6.12 

20.26 

36.53 

35.64 

80 

6.20 

19.93 

36.02 

35.11 

300 

5.88 

20.26 

36.53 

35.64 

120 

5  .70 

20.08 

36.24 

35.35 

63°33' 

160 

5  .80 

20.08 

36.24 

35.35 

8 

11.20  a.m. 

6°20' 

0 

11.20 

19.41 

35.08 

34.21 

58°46' 

10 

10  .85 

19.60 

35.42 

3453 

2 

22 

4°35' 

0 

12  .60 

17.68 

32.00 

31.26 

20 

9.05 

19.70 

35.61 

34.69 

5 

12.20 

17.75 

32.11 

31.39 

30 

8.25 

19.80 

35.79 

34.88 

10 

11  .50 

18.30 

33.10 

32.32 

40 

7.75 

19.99 

36.15 

35.20 

15 

8  .80 

18.64 

33.71 

32.90 

60 

7.48 

20.13 

36.34 

35.43 

20 

6.60 

18.96 

34.29 

33.44 

80 

7.40 

20.13 

36.34 

35.43 

40 

6  .60 

19.38 

35.03 

34.16 

120 

6.86 

20.18 

36.40 

35.51 

60 

5  .80 

19.67 

35.56 

34.66 

200 

6.72 

20.22 

36.49 

35.59 

80 

6  .00 

20.03 

36.17 

35.26 

300 

6.70 

20.22 

36.49 

35.59 

120 

6  .30 

20.08 

36.24 

35.35 

63°  9' 

200 

6  .00 

20.08 

36.24 

35.35 

9 

3  p.m. 

6°37' 

0 

11.55 

19.22 

34.75 

33.88 

280 

5  80 

20.08 

36.24 

35.35 

10 

10  .95 

19.26 

34.81 

33.95 

59°  5' 

20 

8.35 

19.32 

34.92 

34.06 

3 

22 

5°18' 

0 

11  .80 

16.91 

30.60 

29.92 

30 

5.85 

19.45 

36.16 

34.28 

10 

12  .00 

16.91 

30.60 

29.92 

40 

4.92 

19.47 

35.19 

34.32 

15 

11  .80 

1700 

30.77  130.10 

60 

5  .56 

19.89 

35.96 

35.04 

20 

11  .60 

17.10 

30.94 

30.26 

63°  3'.5 

30 

11  .50 

17.68 

32.00 

31.26 

10 

63/4  a.m. 

7°  6'.5 

0 

11.95 

19.05 

34.44 

33.62 

40 

9  .20 

18.65 

33.68 

32.86 

10 

10.10 

19.05 

34.44 

33.62 

60 

7  .20 

19.43 

35.12 

34.25 

20 

8.20 

19.26 

34.81 

33.95 

80 

5  .80 

30 

6.20 

19.45 

35.16 

34.2fc 

120 

5  .90 

19.97 

36.08 

35.16 

40 

5.80 

19.50 

35.25 

34.36 

200 

6  .00  i  20.06 

36.22 

35.31 

60 

5.60 

19.80 

35.79 

34.88 

360         6  .00 

20.06  j  36.22 

35.31 

80 

5.70 

19.99 

36.15 

35.20 

120 

5.95 

20.05 

36.21 

35.30 

b)  Section  off  Marstenen  beacon  near  Bergen. 

e 

)  Section 
64°42' 

off  V 

igten. 

1 

60°  7' 

| 

11 

5 

31/2  p.m 

9°  8'.5 

0 

10°.90 

19.87 

35.91 

35.00 

I 

26 

2  a.m. 

4°28' 

0 

10°.90 

18.17 

32.83 

32.06 

10 

10.90 

19.93 

36.03 

35.11 

20 

11  .00 

18.28 

33.06 

32.28 

20 

10.15 

19.97 

36.08 

35.16 

40 

•    6  .80 

19.60 

35.42 

34.53 

30 

.  8  .65 

20.07 

36.22 

35.31 

60 

6  .60 

19.70 

35.61 

34.69 

40 

7.60 

20.10 

36.2H 

35.37 

80 

6  .40 

19.89 

35.96 

3S.04 

60 

6.20 

20.10 

36.28 

35.37 

130 

7  .00 

19.89 

35.96 

35.04 

80 

5.76 

20.17 

36.47 

35.49 

60"  9' 

150 

5.18 

20.21 

36.52 

35.56 

5 

26 

5°  4' 

0 

12.00 

17.37 

31.43 

30.73 

64°40'.5 

10 

11  .10 

19.60 

35.42 

34.53  , 

12 

8  p.m. 

9»51' 

0 

11.08 

19.41 

35.08 

34.21 

20 

6  .00 

19.60 

35.42 

34.53  ' 

10 

11  .05 

19.64 

35.52 

34.62 

30 

6  .00 

19.63 

35.51 

34.61 

20 

9  .25 

19.83 

35.85 

34.92 

40 

6  .00 

19.86 

35.89 

34.96 

30 

7.52 

1987 

35.91 

35.00 

60 

6.10 

19.88 

35.93 

35.01 

40 

7.26 

20.00 

36.14 

35.21 

80 

6  .25 

19.88  j  35.93 

3501 

60 

6.23 

20.03 

36.17 

35.26 

120 

6  .25 

18.87 

35.91 

35.00 

80 

7.50 

20.04 

36.19 

35.28 

200 

6  .25 

120 

6.60 

20.13 

36.34 

35.43 

200 

5.26 

20.20 

36.50:  35.54 

64°41'  5 

c)  Herlofjord. 

13 

7 

9  a.m. 

10°42' 

0 
10 

11.40 
10.35 

18.92 
19.22 

34.23 
34.75 

33.38 
33.88 

60°29'.5 

20 

8.02 

19.39 

35.04 

34.18 

g 

27 

5M4' 

0 

14°.25 

1108 

27.43 

26.90 

30 

7.25 

19.45 

35J6 

34.28 

5 

10.90 

15.15 

27.43 

26.90 

40 

6.30 

19.49 

35.23 

34.34 

10 

7.73 

18.07 

32.68 

31.93 

60 

5  .40 

19.K3 

35.51 

34.61 

15 

6.22 

18.75 

33.91 

33.09 

80 

4.85 

19.83 

35.65 

34.93 

20 

5.35 

18.94 

34.26 

33.42 

120 

4.62 

1987 

35.91 

35.00 

30 

5.77 

19.43 

35.12 

34.25 

200 

5  .25 

19.87 

35.91 

35.00 

40 
60 

5.98 
6.14 

19.53 
19.62 

35.30 
35.47 

34.40 
34.56 

f  )  Section  off  Bodo—  Bost. 

80 

6.13 

19.62 

35.47 

34.56 

67°33' 

120 

5.96 

20.01 

36.16 

35.23 

14 

9 

8]/2  a.m. 

9  31' 

0 

10°.60 

19.50 

35.24 

34.37 

300 

5  .65 

20.01 

36.16  35.23 

10 

10.30 

19.50 

35.24 

34.37 

.      i±_    £51 

1-5           t         s-        1    ill  •: 

Saline  rontfiin 

j 

& 

1 

IIS 

m 

Saline  I-DI.- 

No. 

•     •  •  ••  -                          •—                . 

%            ?                        =      l-l    lj  = 

CI. 

Suit 

S..II        N"- 

. 

ft. 

0 

1 

-i 
s 

•  = 

E 

CI. 

S:,ll 

Sail 

«                        f           -                                -  -     ]•••< 

MB 

P*"- 

~- 

f 

iS 

: 

i"'=  "H 

i"  -  •= 

per 

per 

p.-r 

B       1           «,                                                                             _                 . 

•••• 

M       ' 

N" 

-  s 

H1?  is 

litiv 

lit,-! 

milli- 

f)  Section  off  Bodo—  Boat  (r..ntiim.-,ii. 

f)    Section    Off  Bodd      RO8t  (runtiniiril). 

July 

M.t.-i 

•  Inlv 

IbUt 

-.11               S"9ll         I'ISJ 

3192 

10 

I0»49 

19.41 

31.22 

80 

40 

H.8H 
5.93 

19.93 
1939 

35;95 

35.10 
35.03 

20 

30 

7  .75 

li.OO 

lll.lio  .1.-..12 
19  MI   35.78 

31.55 

80 

5.40 

1993 

,i.  n| 

35.10 

40 

5.10 

19.84 

34.94 

80 

i  M 

19.98 

:lii.nl 

35.1(1 

80 

4  .52 

I9.8H 

85.96 

35.03 

120 

5.15 

90.01 

3ii.l  li 

35.23 

HO 

I  .lio 

1949 

35.H5 

35.03 

900 

3    35.  3S 

120 

1    HH 

19.99 

86.19 

35  111 

H7*J1' 

21  Kl 

5  .30 

80.08 

86.98 

35.3s 

15 

•     1  1.40p.m. 

0 

10.45 

19.50 

35.21 

31.37 

«7°2<»- 

10 

10.20 

19.50 

35.2  1 

34.37 

18 

10 

1.1  ~»   a.m. 

13°54' 

0 

12.  (HI 

Is  s) 

34.07   33.25 

20 

9.25 

19.50 

35  21 

31.37 

lo 

10  JO 

19   II 

35011 

34.22 

30 

H.80 

19.71 

35.117 

31.77 

90 

In.  25 

19.56 

35.32 

31.11 

40 

5.H5 

1937 

35.1  Hi 

80 

7  .25 

19.71 

35  117 

34.77 

HO 

5  .35 

1939 

35.95 

35.03 

10 

7.15 

19.80 

86.78 

8487 

80 

5  .  1  5 

19,98 

3'i.Ol 

35.10 

(ill 

111.  Ml 

35.7s 

.1  -T 

120 

5.10 

20.0] 

311.  Hi 

35.23 

so 

5  .25 

19.89 

35.95 

35.01 

200 

5.15 

•j.  ,  ,  in 

3H.28 

86.88 

120 

1  .70 

19.89 

85.96 

35.04 

IK 

»       12  mi.ln.                 'i7"2ti' 

21  HI 

1  .75 

19.99 

311.  1  2 

352H 

19*80* 

0 

11.90 

19.41 

35.O9 

3  (.22 

800 

4~ti 
.  (  *" 

90.08 

86.98 

10 

9  .23 

19.11 

35.09 

31.22 

87°1.V 

20 

I!  .70 

19.48 

35.111 

34.29 

19        Hi 

a.m. 

14°31'.7 

0 

!i  .(ill 

18.18 

32.SO 

32.03 

30 

5  >:, 

19.74 

35.l!7 

34.77 

5 

9.  (HI 

18.47 

88.40 

32.111 

40 

5  .33 

19.80 

35.7s 

34.87 

10 

S.lll 

1  8.115 

88.68 

32.  Mi 

HO 

l.5o 

1939 

35.91! 

35.1  1  1 

2*1 

7.10 

HM8 

31  (ill 

80 

4  .32 

19.89 

35.1M. 

35.04 

30 

11  .95 

19.13 

35.12 

31.25 

120 

1  .110 

19.91 

85.99 

3507 

40 

11.70 

19.72  35.H5 

84.76 

170 

5.10 

20.01 

3li.ll! 

35.23 

(10 

li.20 

19.95 

311.05 

35.13 

17        lo 

3    :>.lll. 

23' 

80 

5  .7:1 

20.01 

3H.ll! 

35.23 

isnrjs 

0 

11.10 

19.11    35.09 

31.22 

160 

5.50 

20.0H    311.28 

II.    Observations  from  Xordland  sumiuer  and  autumn  1895, 

a)  Observations  from  Lofoten. 

b)  Section  of  the  Vestfjord. 

lis'MO'     ')     Meli-i- 

Aug. 

67°35' 

20 

20           in..  1. 

14°34' 

150 

0 

14°.50 

18.18 

32.87 

32.0H 

24 

3 

14°  3' 

0 

1  2".  45 

111  21 

31.77 

88.91 

10 

14.20 

I8.2H 

33.(  '3 

32.25 

10 

12  .112 

19.24 

31.77 

33.  ni 

20 

12.00 

19.01 

84.42  33.58 

90 

12.20 

1938 

84.94 

84.10 

30 

s  .20 

19.37 

35.01 

34.14 

80 

9  .05 

mini 

35.51 

31.111 

40 

•  i  .95 

19.92 

86.01 

3509 

10            7  .(HI 

19.7H 

35.72 

60 

5  ..Vi 

20.01 

86.16 

35.23 

60 

ii  ,5s 

85.89 

34.92 

BO 

5.20 

20.01 

86.16 

35.23 

HO 

6.90 

150 

6.10 

20.01 

31):  Hi 

35.23 

Ii7°43' 

•i7"23'.5s) 

25 

8 

3   p.m. 

13047' 

0 

13.00 

19.20 

34.72 

33.87 

81 

30 

m. 

14°  7' 

0 

13  .50 

19.21 

31.77 

33.91 

10 

12.80 

1  9.25 

34.81 

33.91 

10 

13  .   2 

19.29 

84.87 

31.00 

90 

s  .20 

19.H2 

86.47 

31.51! 

15 

12.90 

19.37 

35.01 

31.1  1 

30 

7  .05 

19.114 

35.52 

34.(i2 

90 

10.66 

19.60 

35.12 

31.53 

40 

li  .70 

19.78 

35.75 

8434 

30 

8  .50 

19.89 

35.85 

31.93 

60 

6  .19 

in.so 

31.92 

40 

7  .tin 

19.84 

85.86 

31.95 

80 

5  .92 

19.99 

86.18 

3520 

80 

ii  .till 

20.01 

86.16 

35  23 

190 

5  .78 

90.06 

88.91 

35.30 

HO 

(1.20 

20.01 

86.16 

35  23 

ii7»53' 

120 

6.00 

20.07 

311.23 

35.33 

26 

3 

ti   p.m. 

13°27' 

0 

13.IHI 

18.75 

33.91 

33.09 

200 

li  .50 

20.19 

31!  12 

35.52 

10 

12.7(1 

1836 

31.07 

33.25 

H7°2<)'.5  •) 

20 

9.10 

1946 

35.  Hi 

8498 

-•-• 

30 

14°18' 

0 

18.60 

19.22 

31.75 

33.88 

30 

7.00 

19.112 

35,17 

845< 

10 

1  2  >s 

I9.2H 

8481 

33.95 

to 

5  .110 

lli.lil 

35.5(  1 

31.112 

20 

1  1  .05 

19.19 

35.23 

31.31 

lid 

5,10 

19.7H 

35.75 

84.84 

80 

19.111 

35.52 

31.112 

so         5  .tili      19.95 

311.05   35.13 

lo 

7  .5s 

1938 

35  93   35.01 

•  10 

ii  .57 

20.03 

3'!.  17 

35  2H 

li.20 

20.01 

3li.ll! 

35.23 

c)  Section  off  Hero. 

190 

ti.HO 

20.07 

8639 

35.33 

67*85'    «) 

K5°59' 

23 

31 

13»54' 

0 

12.80 

19.33 

34.91 

31.08 

1-7 

13 

11°18' 

0 

140.00 

1834 

3I.2H 

33.12 

lo 

12.50 

19.39 

86.04 

34.18 

10 

13.70 

19.21 

31.77 

33.91 

20 

10,10 

lli.lil 

35.52 

90 

10.10 

19.88 

31.91   34.07 

30 

H.HO 

19.80  35.79 

3I.SS 

30 

9  .20 

19.45 

35.1(1 

3I.2S 

40 

7.70 

19.H8 

35.93 

35.01 

40 

7  .90 

IK.  n 

35.23 

31.31 

HO 

20.01 

86.16 

35.23 

no 

7.10 

19.110 

35.12   31.53 

80 

630 

20.01 

31.111 

35.23 

80 

li  .Ii5 

19.112 

35,17 

31.51! 

120 

8.18 

20.09 

3H.2M 

35.311 

190 

li  .HO 

19.92 

311.0] 

35.09 

•  • 

21  Hi 

H.OO 

20.19 

311.  12 

35.52 

2(K) 

7.10 

19.99 

311.01 

86.08 

')  flola  in  Lofoten.  —  *)  HellitfVier.  —  *)  Stensvwr.  —  4)  Ycytfjordeu. 

Xo. 

1895 

Weather 

1 

Soundings  1 

Depth  fi-om  1 
which  sample  1 
obtained 

Temperature 
of  the  watel 
at  that  depth 

Saline  contents 

No. 

1895 

Weather 

Locality 

Soundings 

~  ^ 

I  1  2 
f.j=~ 

111 
a; 

c1  2  5 

5  ""  ~ 

o  ce 

Saline  contents 

1e 

P 

o 

Cl. 
per 

litre 

Salt 
per 
litre 

Salt 
mille 

a 

P 

o 

a 

Cl. 
per 
litre 

Salt 
per 

litre 

Salt 
per 

mille 

c)   Section  off  Her0  (continued). 

e)  Section  off  Helligvaer—  R0st—  Vesteraalseggen  (continued). 
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e)  Section  off  Helligveer—Rost—  Vesteraalseggen. 
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III.    Section  Sognefjord—  Iceland  May  1896 

taken  by  Capt.  ]!IE  on  H.  M.  S.  "Heimdal". 
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IV,    Observations  June  1896, 

H.  M.  S.  "Hansteen". 

a)   Section  off  Bremanger. 

b)   Section  Hustadviken—  Storeggen  (continued). 
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c)   Section  off  Froien. 
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b)   Section  Hustadviken—  Storeggen. 
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d)   Section  off  Halten  beacon. 
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d)  Section  off  Halten  beacon  (continued). 

e)  Section  out  off  Sognefjord  (continued). 
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e)  Section  out  off  Sognefjord. 
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V.    Section  fcognefjord—  Iceland  May  1897, 

H.  M.  S.  -HeimdaP. 

a)  Section  Sognefjord—  Iceland. 

a)   Section  Sognefjord—  Iceland  (continued). 
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a)   Section  Sognefjord—  Iceland  (continued). 

a)   Section  Sognefjord—  Iceland  (continued). 
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b)   Iceland—  Feie  beacon,  surface  observations. 
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19.48 

35.21 

34.33 

117 

22 

10   p.m. 

0 

0.30 

19.41 

35.08 

:U._M 

67C36' 

118 

23 

1    a.m. 

0 

0.50 

19.41 

35.08 

34.21 

108 

17 

12  m.d. 

10°38'W. 

0 

—0.20 

19.50 

35.25 

34.36 

119 

23 

3    a.m. 

0 

1  .50 

19.50 

35.25 

34.36 

120 

23 

5   a.m. 

0 

2.50 

19,59 

35.42 

34.53 

67°30' 

121 

23 

7   a.m. 

0 

3.00 

19.68 

35.58|  34.68 

109 

18 

12  m.d. 

10«23'W. 

0 

—0.30 

19.52 

35.29 

34.40 

1  22 

23 

9   a.m. 

0 

3.80 

19.68 

35,58  34.68 

10 

—0.40 

19.48 

35.21 

34.33 

123 

23 

11    a.m. 

0 

4.00 

19.64 

35,52 

34.62 

20 

—0.40 

19.48 

35.21 

34.33 

124 

23 

1    p.m. 

0 

5.00 

19.68 

35.58 

34.68 

50 

—0.50 

19.48 

35.21 

34.33 

125 

23 

3  p.m. 

0 

5.20 

19.72 

35.65 

34.76 

80 

—0.70 

19.48 

35.21 

34.33 

126 

23 

5   p.m. 

0 

5  .40 

19.72 

35.65 

34.76 

120 

—0.60 

19.48 

35.21 

34.33 

127 

23 

7   p.m. 

0 

5.50 

19.68 

35,58 

34'.68 

200 

0.50 

19.50 

35.25 

34.36 

L28 

23 

9    p.m. 

0 

6.00 

19.72 

35.65 

34.76  , 

300 

0.40 

19.50 

35.25 

34.36 

129 

23 

11    p.m. 

0 

7  .00 

19.85 

35.88 

34.96 

K7037' 

130 

24 

1    a.m. 

0 

7.40 

19.92 

36.01 

35.09 

110 

19 

12  m.d. 

\j  1    O  t 

1  1  "  1  7  '  \V 

0 

—0.20 

19.48 

35.21 

34.33 

131 
132 

24 
24 

3   a.m. 
5   a.m. 

0 
0 

6.20 
7.50 

19.92 
19.99 

36.01 
36.15 

35.09 
35.20 

67°38' 

133 

24 

7   a.m. 

0 

6.70 

19.12 

35,57 

33.71 

III 

20 

12  m.d. 

10°58' 

0 

0.40 

19.52 

35.29 

34.40 

134 

24 

9   a.m. 

0 

7.20 

19,56 

35.35 

34.47 

135 

24 

11    a.m. 

0 

6.50 

18.61 

33  66  32.81 

67°23' 

136 

24 

1   p.m. 

0 

6.20 

18.79 

33.98  33.16 

112 

21 

12  m.d. 

11°27'W. 

0 

0.80 

19.70 

35.61 

34.69 

137 

24 

3   p.m. 

0 

6,50 

18.79 

33.98  33.16 

10 

0  .50 

19.59 

35.42 

34,53 

138 

24 

5  p.m. 

0 

7  .00 

18.47 

33.40  32.61 

VI.    Surface  observations  May  and  September  1896, 

made  by  Capt.  H.  ANDKESEN,  Tromso.1) 

MavlMi 

Mav96 

188 

14 

8   p.m. 

Kvalsund 

0 

4°.20 

19.19 

34.72 

33.86 

150 

16 

4  p.m. 

54  miles 

0 

3°.40 

19.64 

35.52 

34.62 

140 

14 

12  midn. 

4  miles 

0 

4.20 

19.26 

34.84 

33.98 

NW  off 

W  off 

8.  Fuglo 

8.  Fuglo 

'151 

16 

12  midn. 

60  miles 

0 

0.00 

19.36 

35.02 

34.14 

141 

15 

4  a.m. 

10  miles 

0 

5.40 

19.57 

35.39 

34.50 

NW  off 

WNW  off 

S.  Fuglo 

S.   Fiiylij 

152 

17 

4  a.m. 

64  miles 

0 

—0  .40 

19.29 

34.90 

34.03 

142 

15 

6  a.m. 

14  miles 

0 

5.60 

19.70 

35.62 

34.72 

NW  off 

WNW  off 

S.  Fuglo 

143 

15 

9  a.m. 

S.  Fuglo 
18  miles 

0 

5  .80 

19.81 

35.82 

3491 

153 

17 

77°43'  N. 
4°30'  E. 

0 

19.43 

35.14 

34.26 

WNW  off 

Sept. 

8.  Fuglo 

154 

11 

1  1   H.m. 

12  miles  W 

0 

2.60 

18.92 

34.23 

33.39 

144 

15 

12  noon 

23  miles 

0 

5.60 

19.81 

35.82 

34.91 

off  8.  Cape 

NW   i  iff 

(Spits- 

S. Fnglo 

bergen) 

145 

15 

4  p.m. 

30  miles 

0 

5.50 

19.81 

35.82 

34.91 

155 

11 

4   p.m. 

16  miles 

0 

5.20 

19.64 

35.52 

34.62 

N\V  off 

WSW  off 

8.  F.:gl6 

- 

8.  Cape 

146 

15 

8  p.m. 

36  miles 

0 

5.40 

19.81 

35.82 

34.91 

156 

11 

8   p.m. 

19  miles 

0 

5.20 

19.67 

35.57 

34.67 

NW  off 

SWtW  off 

8.  Fuglo 

S.  Cape 

147 

15 

12  midn. 

41  miles 

0 

5  .40 

19.81 

35.82 

34.91 

157 

12 

4   a.m. 

22  miles 

0 

4.80 

19.50 

35.27 

34.39 

NW  off 

SW  off 

8.  Fuglo 

S.  Cape 

148 

16 

4  a.m. 

46  miles 

0 

4.40 

168 

12 

8   a.m. 

26  miles 

0 

5.00 

19.64 

35.52 

34.62 

NW  off 

SWtS  off 

S.  Fuglo 

S.  Cape 

141 

16 

8  a.m. 

50  miles 

0 

4.40 

19.81 

35.82 

159 

12 

10   a.m. 

29  miles 

0 

5  .60 

19.74 

35.70 

34.79 

NW  off 

SWtS  off 

8.  Fuglo 

S.  Cape 

')    Distances  in  geografical  miles. 

il 


N 

1896 

I 

I 

:; 

;:: 

£.  0  •O 

^ 

Temperature  1 
•  •(  tli>-  wateljl 
at  that  deptlJI 

Saline  contents 

V 

1896 

j 

i 

Soundings  1 

ilk 

Fg  * 

Nl 

9) 

Saline  conifiit-. 

j 

1 

n. 
per 

• 

Salt 
per 

•!.' 

Salt  i 

p«r  1 

•: 

i 

i 

OL 

per 
litre 

Salt 
per 

litn 

Suit 

m  :  . 

Sept. 

••: 

Sept. 

M-.., 

' 

5 

12  noon 

30  miles 

0 

5*60 

19.81 

•-J 

34.91 

170 

16 

4   a.  n,. 

30  mile* 

0 



19.67 

35.57 

31  ii7 

S8W  off 

S8W  off 

S.  Cap* 

it.  Kilnnd 

1«1 

19 

4  p.m. 

16  mile* 

0 

6.80 

19.81 

BJH 

171 

15 

10  a.m. 

30  miles 

0 

9.00 

19.70 

85.69 

31.72 

\\N\V  off 

XN\V  off 

K.  Eiland 

X.  Fuglo 

19 

6  p.  m. 

16.5  miles 

0 

-,   -  > 

19.81 

•  ">   -  _' 

34.91 

r^ 

WtX  off 

172 

15 

2  p.m. 

U'5   mil.-* 

0 



IH.1.7 

35.57 

3l.ii7 

B.  Eiland 

Xt\V  f\\ 

163 

19 

9  p.m. 

15  miles 

0 

IM 

19.77 

35.75 

34.84 

ntr 

W  off 

N      r  'in  I<> 

B.  Eiland 

178 

15 

6  p.m. 

22  miles 

0 

9M 

l!Ui7 

35  :,7 

3l.(i7 

1H4 

13 

4  a.m. 

17  miles 

0 

6.80 

19.67 

16,  :•• 

34.50  ' 

Nt\V  off 

WSW  off 

X.    Kuglii 

B.  Eiland 

171 

15 

11  p.m. 

1  1   miles 

0 

8.60 

19.67 

35.57 

13 

8  a.m. 

19  miles 

0 

6.20 

19.74 

35.70 

8479 

NNW  mf 

8W  off 

X.   Kuglo 

H    Filnm! 

IM 

13 

4  p.m. 

AJ.  r.ii.tii'i 

21  miles 

0 

6.60 

19.74 

35.70 

34.79  , 

175 

16 

4  a.m. 

15  miles 
NNW  off 

0 

9.40 

19.70 

31.72 

SWtS  off 

N.  Fujjlo 

B.  Eiland 

167 

14 

4  a.m. 

24  miles 

0 

7.60 

19.77 

35.75 

34.84 

17'. 

16 

4  p.m. 

12  miles 

0 

LOJW 

L9JJ7 

35.3!) 

3I.5H 

SWtS  off 

NNW  off 

B.  Eiland 

N     Kuglo 

14 

8  a.m. 

27  miles 

0 

8.00 

19.70 

35.62 

8479 

177 

17 

4  a.m. 

4  miles 

0 

9.80 

1U.H7 

3I.H7 

SWtS  off 

XW  off 

B.  Eiland 

X.  Fuglo 

169 

14 

4  p.m. 

28  miles 

0 

8.60 

19.77 

35.75 

34.84 

178 

17 

4  p.m. 

3/4  miles 

0 

9.60 

18.99 

31.37 

33.51 

88W  off 

\V  off 

B.  Eiland 

8.  Fuglo 

B.    Winter  time 

I.    Sections  off  the  Norwegian  West  coast  February—  March  1896, 

taken  by  O.  NOBDOAAHD. 

a)   Section  off  Stavanger. 

a)  Section  off  Stavanger  (continued). 

Febr. 

59°  3'.5 

Febr. 

58»69' 

179 

7 

5°32'.5 

0 

6».00 

18.89 

:u.Hi 

33.33 

182 

9 

41-5}  p.m. 

5*81* 

0 

5«.80 

llt.lll   3l.ii!i 

33.SI 

10 

5.90 

18.89 

3».n; 

33.33 

5 

5.71 

lll.lll   31.lil» 

33.  SI 

20 

5  .95 

19.07 

8448 

33.64 

10 

5.71 

lll.lli   31.1111 

30 

6.32 

19.42 

35.10 

34.23 

15 

5  .71 

1't  l'i   34  (ill 

40 

6.80 

1!».51 

35.32 

34^421 

20 

5.81 

60 

6.98 

lll.iili 

35.54 

34  ill 

30 

5.1H) 

L9.86 

85.00 

8418 

80 

7.05 

19.84 

34.95 

40 

8.60 

19.60 

35  12 

100 

7.05 

19.90 

35.98 

35.05 

60 

ii  .!)5 

I1I.7.S 

35.75 

84.88 

120 

7.00 

19.90 

35.98 

35.1  15 

Ml 

7  .-.'1 

11).  Ho 

86.98  35.d5 

59°  6'.5 

LOO 

7  .20 

19.90 

35.  UN   35.05 

- 

7 

5«18' 

0 

li  .00 

19.05 

:il.l  1 

33.63 

10 
15 

5.90 

19.05 
19.35 

8498 

8418 

b)  Section  off  Marstenen  beacon. 

20 

5.80 

19.35 

34.98 

34.13 

Febr. 

iin»  ir 

30 

5.95 

19.47 

35.19 

34.32  j 

1-:; 

14 

5—  tip.  m. 

.v  r 

0 

4»50 

15.86 

2H.71 

i's  1:1 

40 

li.dd 

19.50 

35.25 

34.36 

10 

6.10 

18.65 

89.86 

60 

7.02 

19.77 

H.-).  72 

34.81 

20 

li  .25 

111  lit 

8469 

88.84 

80 

7.12 

19.77 

35.72 

8481 

30 

li  .32 

111.3d 

8489 

84.09 

ISO 

7.22 

19.83 

3o!85 

8498 

50 

6.85 

19.48 

35.21 

34.33 

150 

7.12 

19.95 

36.05 

35.13 

60 

ii  .75 

lii.iiii 

35.5  1 

34  li  1 

58»51'.5 

80 

7.1ti 

19.78 

35.75 

:tl.s| 

181 

9 

l}-3p.m. 

4°57' 

0 

5.80 

19.01 

34.38 

33.54 

190 

7.17 

19.78 

35.75 

84.84 

5 

5.62 

19.07 

34.48 

33.  ii) 

150 

7  ys 

19.90 

85.98 

35.H5 

10 

5.60 

19.14 

34.60 

88.76 

IKI"  ii- 

16 

5  .li7 

19.14 

34.60 

33.76 

IH-I 

15 

11-1  2  a.m. 

1"  5' 

0 

5.  lid 

19.81 

31.  ill 

84.04 

20 

5.70 

10 

5.65 

19.81 

84.91 

84.04 

30 

19.31 

34.91 

8404 

20 

5.70 

19.88 

35.OO  31.13 

40 

19.36 

35.00 

8411 

30 

19.86 

86.00 

34.13 

60 

6.40 

19.54 

35.32 

34.42  | 

40 

7.1.-, 

19.97 

86.08 

35.H1 

70 

6.70 

11151 

35.32 

8449 

50 

7.  IS 

19.97 

86.00 

35.16 

-M 

6.90 

19.68 

.',  M 

8464 

60 

7  .:,:, 

19.97 

36.08 

35.  Hi 

100 

7.20 

19.84 

35.86 

8495 

80 

7.  lid 

19.97 

3li.(IS   35.  Hi 

120 

7.  15 

}'•.'.«< 

35.98 

35.H5 

120 

7   .M) 

90.08 

3'i.  1  i    3:».2'i 

150 

7.  Id 

19.90 

15.98 

35!o5| 

200 

*     .*•» 

-Jd.dii 

86.28 

3531 

200 

6.50 

19.96 

7 

35.15 

850 

7.17 

jnn,. 

86.28 

85.81 

1896 

1 

>, 

c 

!f| 

|lt 

Saline  contents 

1896 

V 

£ 

M 

a 

89 

111 

Iff 

Saline  contents 

No. 

S 

M 

"5 

~3 

c 

Cl. 

Salt 

Salt 

No. 

0) 

M 

(9 

1 

'S 

5  j 

S.2  3 

Cl. 

Salt 

Salt 

g 
p 

W" 

^ 

3 

o 

OD 

—  ~  ^3 

S  *•*  ~£ 

pei- 

pei- 

per 

1 

o 

M 

3 

o 

00 

jr'-l'S 

s  **  ~ 

pei- 

per 

per 

O  -g 

^  o  "£ 

litre 

litre 

mille 

fi  "^ 

H'SIS 

litre 

litre 

mille 

b)  Section  off  Maratenen  beacon  (continued). 

d)  Section  off  Vigten  (continued). 

Febr. 

60°  7' 

Meter 

Meter 

185 

15 

2—  3a.m. 

4°38' 

0 

5°.62 

19.36 

35.00 

34.13 

60 

50.20 

10 

5.70 

19.36 

35.00 

34.13 

80 

5.83 

19.39 

35.04 

34.18 

20 

5.85 

19.36 

35.00 

34.13 

120 

6.55 

19.63 

35.51 

3461 

30 

6.15 

19.42 

35.10 

34.23 

40 

6.20 

19.42 

35.10 

34.23 

e)  Section  off  Lofoten. 

60 
80 
120 
150 

6.45 
7.17 
7.35 
7.20 

19.54 
19.78 
19.90 
19.96 

35.32 
35.75 
35.98 
36.07 

34.42! 
34.84 
35.05 
35.15 

192 

March 
13 

9—  9ia.m 

67°35' 
12°20' 

Meter 
0 
10 
20 

3°.90 
3.95 
4.00 

19.19 
19.21 
19.27 

34.69 
34.73 
34.83 

33.84 
33.  H7 
33.97 

30 

4.60 

19.27 

34.83 

33.97 

c)  Section  off  Christianssund. 

40 

4.30 

19.33 

34.94 

34.07 

50 

4.33 

19.33 

34.94 

34.07 

63"26' 

Meter 

60 

4.30 

19.33 

34.94 

34.07 

186 

22 

101-111  a.  m 

6047' 

0 

5°.50 

19.45 

35.16 

34.28 

80 

4.77 

19.39 

35.04 

34.18 

10 

5.60 

19.45 

35.16 

34.28 

100 

5.25 

19.45 

35.16 

34.28 

20 

5.80 

19.51 

35.28 

34.38 

120 

5.55 

19.51 

35.28 

34.3M 

30 

5.81 

19.51 

35.28 

34.38 

25 

4.15 

19.27 

34.83 

33.97 

40 

5.76? 

19.51 

35.28 

34.38 

30        4  .15 

19.30!  34.89 

34.02 

60 

5.87 

19.60 

35.42 

34.53 

35        4.11 

19.33 

34.94 

34.07 

80 

6.15 

19.63 

35.51 

34.61 

50 

4.10 

19.33 

3494 

34.07 

120 

6  .55 

19.69 

35.60 

34.70 

150 

7.07 

19.80 

35.79 

34.88  : 

67°47'.5 

200 

7.15 

19.83 

35.85 

34.93 

193 

13 

12—1  a.m 

11042' 

0 

5.00 

19.51 

35.28 

34.38 

250 

7.10 

19.94 

36.04 

35.12 

10 

4.97 

19.57 

35.38 

34.50 

63°16'.5 

20 

4.95 

19.57 

35.38 

34.50 

187 

22 

121-1  a.m. 

7°  8' 

0 

5.60 

19.38 

35.03 

34.16 

30 

4.9'< 

19.57 

35.38 

34.50 

10 

5  .65 

19.38 

35.03 

34.16J 

40 

4.96 

19.63 

35.51 

34.61 

20 

5.57 

19.41 

35.08 

34.21 

50 

4.95 

19.63 

35.51 

34.61 

30 

5.60 

19.45 

35.16 

34.28 

60 

4.97 

19.63 

35.51 

34.61 

40 

5.61 

19.45 

35.16 

34.281 

80 

5.03 

19.63 

35.51 

34.61 

60 

5  .77 

19.51 

35.28 

34.38 

100 

5  50 

19.69 

35.60 

34.70 

80 

5.85 

19.51 

35.28 

34.38 

120 

6.16 

19.81 

35.80 

34.89 

100 

5  .85 

19.51 

35.28 

34.38 

150 

6.55 

19.92 

36.01 

35.09 

120 

5.83 

19.51 

3528 

34.38 

63°n'.5 

67°42' 

ISM 

22 

21-3  p.m. 

7°19' 

0 

4.60 

18.74 

33.88 

33.06 

194 

13 

21-31  p.m. 

12°  5'.5 

0 

4.40 

19.39 

35.04 

34.18 

10 

4.65 

18.74 

33.88 

33.06 

10 

4.30 

19.39 

35.04 

34.18 

20 

5  .05 

18.92 

34.23 

33.38 

20 

4  .25 

19.39 

35.04 

34.18 

30 

5  .15 

19.09 

34.51 

33.66 

30 

4.37 

19.39 

35.04 

34.18 

40 

5  .25 

19.09 

34.51 

33.66 

40 

4.55 

19.45 

35.16 

34.28 

60 

5.70 

19.33 

34.94 

34.07 

50 

4.68 

19.51 

35.28 

34.38 

80 

5  .85 

19.51 

35.28 

34.38 

60 

4.77 

19.51 

35.28 

34.38 

100 

5.85 

19.51 

35.28 

34.38 

80 

5.23 

19.57 

35.38 

34.50 

120 

5.83 

19.57 

35.38 

34.50 

100 

5  .75 

19.69 

35.60 

34.70 

d)  Section  off  Vigten. 

195 

13 

5  —  6£  p.m. 

67°35' 
12°30' 

0 

3.80 

19.14 

34.60 

33.76 

84*89' 

Meter 

10 

3.83 

19.14 

34.60 

33.76 

189 

28 

12  —  1  p.m. 

9°57' 

0 

5°.20 

£0 

3.95 

19.20 

34.72 

33.87 

10 

5  .55 

19.39 

35.04 

34.18 

30 

4.15 

19.20 

34.72 

33.87 

20 

5  .85 

19.57 

35.38 

34.50 

40 

4  .25 

19.30 

34.72 

33.87 

30 

6.00 

60 

4.85 

19.32 

3492 

34.04 

40 

6.03 

80 

4.87 

19.38 

35.03 

34.16 

60 

6.15 

16.69 

35.60 

34.70 

100 

4.90 

19.38 

35.08 

34.16 

80 

6.25 

19.75 

35.71 

34.80 

100 

6  .55 

19.75 

35.71 

34.80 

67°36' 

120 

6.65 

19.81 

35.80 

34.89 

196 

14 

61-7J  a.m. 

13°  2' 

0 

3.70 

19.20 

34.72 

33.87 

150 

6.80 

19.87 

35.91 

35.00 

10 

3.85 

19.20 

34.72 

33.87 

200 

6.95 

19.92 

36.01 

35.09 

20 

3.87 

19.20 

34.72 

33.87 

250 

6.83 

19.98 

36.10 

35.19 

30 

3.93 

19.20 

34.72 

33.87 

64°41'.5 

40 

3.97 

19.20 

34.72 

33.87 

190 

28 

2J-34,  p.m. 

10°27' 

0 

4.40 

18.86 

34.10 

33.26 

50 

3.97 

19.20 

34.72 

33.87 

10 

4.65 

60 

4.05 

19.20 

34.72 

33.87 

20 

4.67 

18.98 

34.32 

33.48 

80 

4  .05 

19.26 

34.81 

33.95 

30 

4.70 

18.98 

34.32 

33.48 

100 

4.10 

19.26 

34.81 

33.95 

40 

5.05 

19.09 

34.51 

33.66 

120 

4.15 

19.26 

34.81 

33.95 

60 

5.15 

19.19 

34.69 

33.84 

60 

5.47 

19.33 

34.94 

34.07 

67"32'.5 

70 

6.00 

197 

14 

91-10  a.m. 

13°24'.5 

0 

3.60 

19.20 

34.72 

33.87 

100 

6.25 

19.57 

35.38 

34.50 

10 

3.65 

19.20 

34.72 

33.87 

120 

6.55 

19.75 

35.71 

34.80 

20 

3.65 

19.20 

34.72 

33.87 

150 

6.95 

19.92 

36.01 

35.09 

30 

3  .65 

19.20 

34.72 

33.87 

64°42' 

40 

3.60 

19.20 

34.72 

33.87 

191 

28 

44.  —  5p.m. 

10°44'.5 

0 

4.20 

18.86 

34.10 

33.26 

60 

3.75 

19.20 

34.72 

33.87 

10 

4.35 

80 

4.77 

19.32 

34.92 

3406 

20 

4.40 

120 

5.37 

19.50 

35.25 

34.36 

30 

4.43 

18.98 

34.32 

33.48 

150 

6  .55 

19.69 

35.60 

34.70 

50 

4.75 

19.04 

34.42 

33.581 

200 

6  .55 

19.95 

35.88 

34.96 

10 
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e)  Section  off  Lofoten  (continued). 

e)  Section  off  Lofoten  (continued). 

March 

STW-S 

Meter 

Meter 

:  .- 

14 

14-12}  i... 

13»49- 

0 

8«.40 

19.14 

34.62 

88.78 

80 

5  .-_':; 

19.45 

35.16 

:;i  -'- 

10 

8.60 

19.15  :i.J  •••J  33.7H 

120 

5    7u 

1-.57 

:;">  .;- 

MM 

n 

8.47 

•  1  ••     ,!'._•     .3  7> 

160 

6.10 

19.69 

86  JO 

34.70 

80 

8.47 

l!M5  34.69  88.78, 

200 

6.46 

40 

3.47 

!•'   15    31.H-J    33.7> 

250 

6.57 

19.93 

36.03 

35.11 

60 

;  |Q 

|!«.J7    31.83   33.  «7 

II.    Observations  from  Lofoten,    March—  April  1896, 

taken  by  O.  NOKDOAARD. 

V 

Meter 

March 

Meter 

199 

9 

5J  a.m. 

On  Nap- 

0 

3«00 

18.78 

MM 

33.15 

214 

23 

1  mile  off 

0 

2°.20 

18.96 

84.31 

•     . 

it  rommen 

Reine 

.'  • 

9 

6)  a.m. 

On  Nap* 

0 

3  .00 

18.78 

33.98 

33.15 

215 

23 

11      M.tll. 

St.  I  8 

0 

2.30 

18.73 

33.89 

88.08 

st  rommen 

milesSOtO 

10 

2.35 

801 

10 

8J  a.m. 

2  miles 

0 

3.00 

18.90 

34.20 

33.35 

off  Reine 

20 

3.25 

18.98 

34.34 

88.60 

off  Lofot- 

30 

3.25 

odden 

40 

3.27 

10 

Between 

0 

3.90 

18.86 

34.13 

33.29 

60 

3.65 

3K7 

19.03 

fl.  11 

33.58 

M.i«k»n 

.'  '  t 

.'I  '  •>  K  t   11 

and  Lofot* 

1      1..  .1 

80 
100 

4.06 

1    .•*">•> 

19.11 
19.26 

tl.58 
11.85 

i!;S 

ouoen 

180 

6.02 

19.50 

15.27 

31.38 

J    . 

10 

1  mile  off 

0 

3.60 

19.03 

34.44 

88  68 

150 

6.53 

l!Ui5 

35.55 

31.65 

Mosken 

216 

23 

2  p.m. 

St.  H 

0 

3.20 

18.96 

34.31 

33.46 

•j    • 

10 

9}  a.m. 

Between 

0 

3.40 

18.97 

34.33 

33.48 

16  miles 

10 

3.25 

Mosken 

SOtS  off 

20 

3.25 

and  Vtero 

Reine    . 

30 

3.25 

•  "I 

10 

At  Vter5 

0 

3.40 

18.97 

34.33 

33.48 

40 
50 

3  .25 
3.30 

19.03 

34.44 

33.58 

The  samples  obtained  on  the  line  Helligvser—  Svolvser. 

80 
100 

3.57 
4.03 

19.07 

:u.5i 

33.11:. 

Meter 

120 

4.40 

19.13 

31.61 

88.76 

14 

1  p.m. 

J  miles  off 

0 

3°.60 

18.92 

34.24 

33.39 

150 

5  .45 

19.37 

35.02 

84.17 

St  III 

200 

6.55 

19.71 

:i5.(i5 

34.75 

(Hellig- 

217 

23 

5  p.m. 

st.  ra 

0 

2.80 

18.78 

33.98 

88.18 

vier) 

5  miles 

10 

3.20 

2H7 

14 

2  p.m. 

17  miles 

0 

3.40 

18.92 

34.24 

33.39 

SOtO  off 

20 

3.70 

18.96 

34.31 

8846 

off  St.  Ill 

Reine 

30 

3.87 

19.00 

34.38 

88.69 

(Hellig. 

50 

4.15 

vaer) 

60 

4.48 

14 

3  p.m. 

26  miles 

0 

3.40 

18.92 

34.24 

33.39 

80 

lull 

583 

19.30 

34.91 

84.08 

off  st.  ra 

l\r\j 

.00 

(Hellig- 

218 

26 

11  a.m. 

St.  1 

0 

2.50 

18.60 

33.65 

32.83 

vier) 

5  miles 

10 

2.50 

_«.•• 

14 

4  p.m. 

34  miles 

0 

2.20 

18.62 

33.69 

32.88 

SOtO  off 
Reine 

20 
30 

2.97 
3.25 

18.70 

33.84 

88.01 

off  St.  Ill 

til 

31(1 

(Hellig. 

4U 

15 

.4U 

2.55 

18.60 

33.65 

32.83 

vasr) 

50 

2.50 

18.60 

33.  n: 

210 

14 

5  p.m. 

10  miles 

0 

2.20 

18.66 

83.76 

32.94 

55 

3.45 

18.93 

:!  t.i;: 

as!* 

off 

60 

.'I  ,15 

18.93 

3I.LT 

33.  n  i 

Svolvwr 

70 

:i  .115 

211 

14 

6}  p.m. 

6  miles  ofl 

0 

2.10 

18.55 

33.56 

32.75 

80 

3.85 

Svnlvter 

21! 

26 

3J  p.m. 

St.  II 

0 

3.60 

18.83 

34.07 

33.23 

212 

17 

1   p.m. 

St.  I 
7    miles 
SOtS  off 

0 
10 

20 

2.50 
2.50 
2.60 

18.73 

33.89 

33.06 

10  miles 
SOtO  off 
Keine 

10 
20 
25 
30 

2  .11  1 
3.15 
8V, 

18.8- 

34.16 

33.311 

Stamsnnd 

30 

2.50 

40 

.*>u 
;j   t;;j 

40 

2.50 

27Q 

60 

:i  '."> 

80 

•  CO 

3.17 

8JC 

18.83 

31.07 

33.23 

80 
100 

3  .it:. 

1  .15 

19.03 

:ll.ll 

88.68 

LUU 

.4o 

190 

5  .75 

ISO 

3.46 

18.92 

34.24 

33.39 

i  «vr 

61  K 

213 

17 

St.    II 

0 

2.40 

160 

.4o 

4  miles 

10 

•-'  .  1  5 

291 

26 

5  p.m. 

st.  in 

0 

3.20 

18.78 

33.98 

33.15 

StO'/tOofl 

20 

•_'.I5 

8    miles 

10 

3.20 

Hennings 

80 

•1  .1"! 

SOtO  off 

20 

3.25 

18.87 

34.16 

33.30 

vssr 

40 

Reine 

30 

8.46 

80 

2.97 

40 

3.46 

80 

8.60 

18.W 

84.81 

33.46 

80 

3  .83 

9| 

100 

3.95 

80 

3.78 

19.0 

34.44 

3358 

190 

i;  r. 

19.63  86.6X1 

34.6( 

100 

4.66 

lit.lh 

34.7C 

88.84 

11 
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0 
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S 
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•3 
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'"  *  .5 

Isl 

Cl. 

Salt 

Salt 

a 
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per 

per 
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3 

O 

,3 

B 
C 
OQ 

P.]§  £ 

S  ~  5 

pei- 

per 

per 

fl  •£ 

^  o  Is 

litre 

litre 

mille 

fi  & 

&  o  ts 

litre 

litre 

millc 

April 

Meter 

Meter 

April 

Meter 

221 

9 

3  p.m. 

St.  I 

0 

2°.20 

18.66 

33.76 

32.94 

225 

15 

12   noon 

St.  I 

0 

30.10 

18.86 

34.13 

33.29 

1  mile  off 

10 

2.45 

18.73 

33.89 

33.06 

7  miles 

10 

3.20 

18.86 

34.13 

33.29 

Skraaven 

20 

2.70 

18.87 

34.16 

33.30 

SSO  off 

20 

3.20 

18.86 

34,13 

33.29 

30 

3.05 

18.90 

34.20 

33.35 

Balstad 

40 

3.30 

18.92 

34.24 

33.39 

40 

3.17 

18.96 

34.31 

33.46 

60 

3.90 

19.10 

34.56 

33.70 

100 

3.80 

19.12 

34.60 

33.73 

80 

3.95 

19.10 

34.56 

33.70 

150 

6.30 

19.59 

35.43 

34.54 

120 

4.40 

19.15 

34.66 

33.79 

222 

9 

St.  II 

0 

1.80 

18.25 

33.02 

32.24 

Hola 

10 

2.05 

18.46 

33.40 

32.60! 

20 

3.67 

18.85 

34.12 

33.27 

226 

15 

2  p.m. 

St.  II 

0 

3.30 

18.90 

34.20 

33.35 

30 

3.70 

18.92 

34.24 

33.39 

4  miles 

10 

3.30 

18.90 

34.20 

33.35 

40 

3.93 

18.98 

34.34 

33.50 

StOV20 

20 

3.25 

18.90 

34.20 

33.35 

100 

4.95 

19.23 

34.85 

33.98 

offBalstad 

30 

3.25 

18.90 

34.20 

33.35 

150 

5.93 

19.44 

35.17 

34.29 

40 

3.27 

18.97 

34.33 

33.48 

223 

13 

9  a.m. 

St.  I 

70 

0 

2.80 

18.73 

33.88 

33.06 

60 

3.35 

18.97 

34.33 

33.48 

3J/2  miles 

10 

2.80 

80 

3.95 

19.10 

34.56 

33.70 

ONO  off 

20 

2.80 

18.75 

33.94 

33.10 

100 

4.73 

19.24 

34.81 

33.94 

Nufsfjord 

30 

3.05 

18.81 

34.03 

33.20 

— 

40 

3.10 

18.87 

34.16 

33.30 

60 

3.35 

18.97 

34.33 

33.48 

227 

15 

10  a.m. 

At 

0 

.    3.00 

18.60 

33.65 

32.83 

70 

3.80 

19.03 

34.44 

33.58 

Svinoen 

224 

13 

21  p.m. 

St.  II 

80 

0 

3.40 

18.70 

33.84 

33.01 

(Balstad) 

2  miles 

10 

3.05 

18.73 

33.88 

33.06 

SV  off 

20 

2.97 

18.76 

33.94 

33.11 

Nufsfjord 

30 

2.95 

18.76 

33.94 

33.11 

40 

3.17 

18.86 

34.13 

33.29 

228 

15 

11  a.m. 

5  miles 

0 

3.00 

18.71 

33.87 

33.03 

60 

3.75 

18.98 

34.34 

33.50 

St.  W  off 

80 

4.00 

19.03 

34.44 

33.58 

Svinoen 

III,    Observations  March—  April  1897, 

made  by  Capt.  BIB. 

a)  Utsire—  Iceland. 

a)  Utsire—  Iceland  (continued). 

March 

Meter 

March 

Meter 

229 

4 

11  a.m. 

59°  2' 

0 

6°.30 

19.86 

35.89 

34.97 

238 

6 

85  a.m. 

62°  I' 

0 

4°.10 

19.37 

35.66 

34.75 

3°58' 

10 

6.40 

19.94 

36.04 

35.12 

3°50'W. 

10 

4.20 

19.69 

35.60 

34.70 

20 

6.35 

19.82 

35.85 

34.92 

20 

4.20 

19.68 

35.58 

34.68 

50 

6.30 

19.82 

35.85 

34.92 

50 

4.40 

19.69 

35.60 

34.70 

80 

6.45 

19.94 

36.04 

35.12 

80 

5.20 

19.77 

35.72 

34.81 

120 

6.50 

19.94 

36.04 

35.12 

120 

5.20 

19.78 

35.75 

34.84 

200 

6.80 

19.91 

35.99 

35.07 

200 

5.40 

19.80 

35.79 

34.88 

300 

6.75 

.19.96 

36.07 

35.15 

300 

5.80 

19.86 

35.89 

34.97 

230 

4 

4  p.m. 

59°26' 
3°13' 

0 
10 

5.85 
5.80 

19.90 
20.02 

35.98 
36.16 

35.05 
35.25 

239 

6 

3  p.m. 

30  miles 
from 

500 
0 

0.80 
6.50 

19.86 
19.94 

35.89 
36.04 

34.97 
35.12 

20 

5.85 

19.98 

36.10 

35.19 

St.  238 

50 
80 
120 

5.90 
5.85 
5.85 

19.90 
19.92 
19.94 

35.98 
36.01 
36.04 

35.05 
35.09 
35.12 

240 

6 

8  p.m. 

62°35' 
5°44-  W. 

0 
10 
20 

6.50 
6.60 
6.50 

19.90 
19.90 
19.90 

35.98 
35.98 
35.98 

35.05 
35.05 
35.05 

231 

4 

9  p.m. 

59045' 

0 

6.30 

19.98 

36.10 

35.19 

50 

6.30 

19.90 

35.98 

35.05 

2°30' 

10 

6.20 

19.98 

36.10 

35.19 

80 

6.40 

19.86 

35.89 

34.97 

20 

6.15 

19.98 

36.10 

35.19 

140 

6.30 

19.88 

35.93 

35.01 

50 

6.30 

19.95 

36.05 

35.15 

241 

7 

1  a.m. 

30  miles 

0 

7.00 

19.96 

36.07 

35.15 

80 

6.40 

19.94 

36.04 

35.12 

from 

120 

6.30 

19.92 

36.01 

35.09 

St.  240 

232 

5 

3  a.m. 

30  miles 

0 

6.20 

19.98 

36.10 

35.19 

242 

7 

8  a.m. 

63°  5' 
8°  9'W. 

0 
10 

7.10 
6.80 

19.92 
19.90 

36.01 
35.98 

35.09 
35.05 

from 

20 

6.90 

19.93 

36.03 

35.11 

St.  231 

50 

6.85 

19.93 

36.03 

35.11 

233 

5 

8  a.m. 

60°44' 

0 

7.40 

20.01 

36.16 

35.23 

80 

6.70 

19.98 

36.10 

35.19 

0°24' 

120 

6.80 

19.92 

36.01 

35.09 

234 

5 

11  a.m. 

61°  8' 

0 

7.40 

20.02 

36.16 

35.25 

200 
300 

6.30 
5  .80 

19.89 
19.89 

35.96 
35.96 

35.04 
35.04 

OWW. 

10 
20 

7.50 
7.45 

20.02 

36.16 

35.25 

243 

7 

121  P'm- 

30  miles 
from 

0 

6.80 

19.90 

35.98 

35.05 

50 

6.40 

19.91 

35.99 

35.07 

St.  242 

80 
140 

6.40 
6.20 

19.94 
20.00 

36.04 
36.14 

35.12 
35.21 

244 

7 

51  p.m. 

63°15' 
10°56'W. 

0 
10 

2.60 
2.90 

19.62 
19.62 

35.47 
35.47 

3456 
34.56 

235 

5 

7  p.m. 

30  miles 

0 

7.80 

20.05 

20 

2.90 

19.62 

35.47 

3456 

from 

50 

3.50 

19.64 

35.52 

34.62 

St.  234 

80 

4.50 

19.70 

35.61 

34.69 

120 

5.00 

19.73 

35.66 

34.75 

23h 

6 

121  a.m. 

61°43' 

0 

5.30 

19.78 

35.78 

34.86 

200 

4.20 

19.73 

35.66 

34.75 

2°18'W. 

245 

7 

11  p.m. 

30  miles 

0 

6.40 

19.87 

35.91 

35.00 

from 

237 

6 

41  a.m. 

30  miles 

0 

3.00 

19.69 

35.60 

34.70 

St.  244 

from 

24h 

8 

4  a.m. 

63014' 

0 

7.20 

19.92 

36.01 

35.09 
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a)  Utaire—  Iceland  (continued). 

O)  Iceland     Hammerfest  (continued). 
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o)  Iceland—  Hammerfest. 
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c)  Iceland  —  Hammerfest  (continued). 

c)  Iceland—  Hammerfest  (continued). 
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IV.    Surface  observations  in  the  Norwegian  Sea  and  in  the  North  Sea 

February—  March  1897. 

a)  Utsire—  Arctic  Ocean,  S/S  nWestye  Egeberg",  Capt.  TUFTE. 

a)  Utsire  —  Arctic  Ocean,  S/S  ,,Westye  Egeberg",   Capt.  TUFTE  (continued). 
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a)  Utaire  -Arctic  Ocean,  8  8  rWe«tye  Egebcrg",  Capt.  TUPTB  (continued). 

b)  Utaire—  Arctic  Ocean, 

Capt.  O.  SmoxBKH  (continued), 
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35.93 

35.01 

385 

20 

8  p.m. 

55°13' 
1  70'  W. 

0 

5°.40 

19.68 

35.58 

34.68 

351 

11 

9J  a.m. 

\J  £•* 

7124' 

019'  V 

0 

-  v. 

19.81 

35.80 

34.89 

•WH 

20 

10  p.m. 

55  29' 
041'\V. 

0 

6.00 

19.79 

35.78 

84.86 

352 

11 

0}  pjn. 

I  M    r.  . 

7138' 

0 

IV. 

387 

20 

12  midn. 

5545' 
n  is'  TV 

0 

6.00 

19.97 

36.08 

35.  Hi 

353 

11 

3  p.m. 

0  10'  W. 
7163' 

01  V 

0 

i';. 

19.52 

35.29 

34.40 

388 

21 

2  a.m. 

'  /  i.i  »  . 
56.1' 
Oll'E. 

0 

6.00 

20.01 

36.16 

35.23 

354 

11 

6  p.m. 

ID 

72   7' 
030' 

0 

i% 

19.53 

35.30 

34.40 

389 

21 

4  a.m. 

5618' 
0  38'  E. 

0 

6.90 

20.05 

36.23 

35.30 

,-,-, 

11 

11  IP.  in. 

7222' 

0 

-  W, 

19.63 

35.30 

34.40 

390 

21 

6  a.m. 

56  34' 

1    111  1' 

0 

6.70 

20.05 

36.23 

35.30 

050*  W. 

1  OU 

391 

21 

8  a.m. 

5H  48' 

0 

5.80 

20.05 

36.23 

35.3(1 

129' 

b)  Utsire—  Arctic  Ocean,  Capt.  O.  BIMONSEN. 

392 

21 

10  a.m. 

5710' 

0 

5.90 

20.12 

36.36 

35.45 

1  60' 

Meter 

393 

21 

12  noon 

57  16' 

0 

5.50 

20.08 

36.28 

35.35 

•, 

5 

10  noon 

68°36' 

o 

ti"  (M) 

19.86 

35.88 

34.96 

2  15' 

lv      11'  "  'II 

3  42'  B. 

39  1 

21 

2  p.m. 

5730' 

0 

4.80 

20.08 

36.28 

35.35 

,357 

5 

6  p.m 

59    3' 

0 

5.50 

19.95 

36.05 

35.13 

240' 

314' 

395 

21 

4  p.m. 

5745' 

0 

4.20 

20.01 

36.16 

B6J8 

r,- 

6 

H    • 

60  19* 

0 

6.00 

20.01 

36.13 

35.23 

3    7' 

217' 

396 

21 

6  p.m. 

57  59' 

0 

5.40 

20.06 

36.25 

35.33 

iv.  < 

0 

4n  m 

61  11' 

o 

6  .60 

19.95 

36.05 

35.13 

'4  39' 

i   i  , 

p.m. 

1  '  1     11 

210' 

397 

21 

8  p.m. 

O  Oa 

5814' 

0 

5.70 

20.01 

36.16 

35.23 

360 

7 

8  a-m. 

6146' 

0 

7.20 

19.89 

35,96 

&5.04 

356' 

134' 

398 

21 

10  p.m. 

5828' 

0 

3.20 

18.61 

33.66 

32.81 

361 

8 

8  a-m. 

63    6' 

0 

6.60 

19.85 

35.88 

34.96 

422' 

1    0- 

:>'.!!! 

21 

12  midn. 

58  42' 

0 

3.20 

18.58 

33.50 

32.69 

362 

8 

5  p.m. 

6348' 

0 

6.60 

19.85 

35.88 

34.96 

448' 

, 

8m  m 

055' 

R     00 

1Q  tin 

•;-p  ss 

Q  4  at; 

400 

22 

2  a.m. 

59    0* 

B1  7' 

0 

3.60 

18.83 

34.05 

33.211 

V'|   > 

,\.  ...  . 

040* 

l!7.Of> 

O./.OO 

oHt.jfn 

17 

364 

9 

13  noon 

6558' 

0 

6.00 

19.85 

35.88 

34.96 

d)  Christianssand—  Newcastle,  8/8  nPro»pero". 

036' 

Meter 

•  '  .  "i 

9 

5  p.m. 

6632' 

o 

6.00 

19.89 

35.96 

35.04 

i'  1  1 

27 

4  p  in 

58°  ()' 

j. 

30  go 

18.66 

83.76 

32.9J 

030'E. 

8    6'E. 

366 

10 

8  a.m. 

6815' 

0 

4  .50 

20.01 

36.13 

35.23 

402 

27 

6  p.m. 

57  52' 

0 

3.80 

19.20 

34.72 

33.87 

0  16'  W. 

744'E. 

3«7 

10 

13  noon 

6839' 

0 

4.20 

19.89 

35.96 

85.04 

403 

27 

8  p.m. 

5745' 

0 

6.00 

19.36 

35.00 

34.13 

0  19'  W. 

r\f    flit 

Q"'  l\^ 

l/i  < 

720' 

OOO 

p.m. 

69    2' 

4  .50 

19.89 

oo.w 

do.  04 

104 

27 

10  p.m. 

57  37' 

0 

5.00 

19.08 

34.51 

33.ti5 

021'W. 

654' 

.'••• 

10 

9  p.m. 

6926' 

0 

4.00 

19.89 

35.96 

35.04 

in.-, 

27 

12  midn. 

5730' 

0 

4.40 

18.95 

31.27 

33.43 

0  26'  W. 

630' 

370 

11 

8  a.m. 

70  39' 

0 

3.60 

19.89 

35.96 

35.04 

106 

28 

2  a.m. 

57  22' 

0 

5.00 

19.86 

35.89 

34.97 

0  56'  B. 

H    5' 

371 

11 

13  noon 

70  59' 

0 

8.60 

19.89 

35.96 

35.04 

407 

28 

4  a.m. 

5714' 

0 

4.40 

19.82 

35.85 

UM 

120* 

540' 

372 

11 

4  p.m. 

7120" 

0 

3.60 

19.89 

35.96 

35.04 

408 

28 

6  a.m. 

57    6' 

0 

4.00 

19.82 

35.85 

31.  !I2 

511' 

373 

H 

8  p.m. 

7139" 

0 

8.50 

19.85 

35.88 

34.96 

109 

28 

8  a.m. 

5657' 

0 

4.00 

19.82 

35.85 

34.92 

ii  51' 

442' 

374 

13 

8  a.m. 

7.'  2.V 

0 

-  1.20 

19.58 

35.40 

34.51 

410 

28 

10  a.m. 

5(>  49' 

0 

4.40 

19.82 

35.85 

B4.R9 

040- 

414' 

375 

13 

18  noon 

72  45' 

0 

—2.00') 

1958 

35.40 

34.51 

411 

28 

12  noon 

5640' 

0 

4.70 

19.82 

35.85 

84.99 

0  12*  E. 

346' 

376 

13 

6  p.m. 

n  H 

0 

—  2.00«) 

19.69 

85.60 

84.70 

111' 

28 

2  p.m. 

5li  32' 

0 

5.00 

19.86 

35.89 

34.97 

0  15'  W. 

317' 

>)  Ice.  —  «)  Ice. 
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so. 

1897 

Weather 

Locality 

Soundings  1 
II 

Depth  from 
which  sample 
obtained 

Temperature 
of  the  water 
at  that  depth 

Saline  contents 

No. 

1897 

Weather 

Locality 

Soundings 

s-a 

111 

s;3 

Q.^3  f 

oi° 

t-  S  s 

||  8- 

fi    £-3 

5 

a*  "  5 
5-5 

EH  <~  .*> 
o  ce 

Saline  contents 

S 

a 

u 
S 

o 
W 

Cl. 
per 
litre 

Salt 
per 
litre 

Salt 
per 
mille 

i> 
'a 

P 

fa 

o 

a 

Cl. 
per 
litre 

Salt 
per 
litre 

Salt 
per 
mille 

d)  Christianssand—  Newcastle,  S/S  nProspero"  (continued). 

e)  Christianssand—  Antwerpen,  S/S  ,,0din"  (continued). 

Febr. 

Meter 

Pebr. 

Meter 

413 

28 

4  p.m. 

56°22' 

0 

5°.00 

19.90 

35.98 

35.05 

440 

16 

6  a.m. 

53°22' 

0 

5°.00 

19.95 

36.05 

35.13 

248' 

435' 

414 

28 

6  p.m. 

5614' 

0 

5.60 

19.82 

35.85 

34.92 

441 

16 

8  a.m. 

53    T 

0 

5.00 

19.67 

35.57 

34.67 

221' 

425' 

415 

28 

8  p.m. 

56    5' 

0 

5.60 

19.82 

35.85 

34.92 

442 

16 

10  a,m. 

Haaks 

0 

5.00 

19.87 

35.91 

35.00 

155' 

Beacon 

416 

28 

10  p.m. 

5557' 

0 

5.60 

19.90 

35.98 

35.05 

443 

16 

12  noon 

52°45' 

0 

5.00 

19.84 

35.86 

34.95 

129' 

4    8' 

417 

28 

12  midn. 

5549' 

0 

5.90 

19.82 

35.85 

34.92 

444 

16 

2  p.m. 

5229' 

0 

5.00 

19.60 

35.42 

34.53 

1    2' 

355' 

March 

445 

16 

4  p.m. 

5212' 

0 

5.00 

19.34 

34.96 

34.10 

418 

1 

2  a.m. 

5541' 

0 

5.60 

19.82 

35.85 

34.92 

345' 

035' 

446 

16 

6  p.m. 

51  57' 

0 

5.50 

19.10 

34.53 

33.68 

419 

1 

4  a.m. 

55  32' 

0 

5.60 

19.77 

35.72 

34.81 

335' 

0    7'E. 

447 

16 

8  p.m. 

Schauwen 

0 

6.00 

19.01 

34.38 

33.54 

420 

1 

6  a.m. 

5523' 

0 

6.30 

19.73 

35.66 

34.75 

Beacon 

0  18'  W. 

421 

1 

8  a.m. 

5519' 
0  46'  W. 

0 

5.90 

19.61 

35.44 

34.54 

f)  Antwerpen—  Christianssand,  S/S  nOdin". 

422 

1 

10  a.m. 

55    5' 

0 

6.60 

19.16 

34.65 

33.79 

Meter 

1  15'  W. 

148 

20 

1  p.m. 

Schauwen 

0 

6°.50 

19.14 

34.60 

33.76 

Beacon 

e)  Christianssand—  Antwerpen,  8/8  nOdin". 

449 

20 

4  p.m. 

52°16' 
348' 

0 

5.50 

19.21 

34.74 

33.88 

Meter 

450 

20 

6  p.m. 

5235' 

0 

5.50 

19.57 

35.38 

34.50 

423 

14 

tij  p.m. 

0x6 

0 

2°.00 

18.50 

33.45 

32.65 

4   3' 

Beacon 

451 

20 

8  p.m. 

Haaks 

0 

5.50 

19.83 

35.83 

34.93 

424 

14 

8  p.m. 

57°50' 

0 

2.00 

18.70 

33.82 

33.00 

Beacon 

755' 

452 

20 

10  p.m. 

53°13' 

0 

5.50 

19.34 

34.96 

34.10 

425 

14 

10  p.m. 

5734' 

0 

2.00 

19.16 

34.65 

33.79 

433' 

742' 

453 

20 

12  niidn. 

Ter- 

0 

5.00 

19.77 

35.72 

34.81 

426 

14 

12  midn. 

5716' 

0 

4.00 

19.73 

35.66 

34.75 

schelling 

728' 

Beacon 

427 

15 

2  a.m. 

57    0' 

0 

2.00 

19.19 

34.69 

33.84 

454 

21 

2  a.m. 

53°44' 

0 

5.00 

19.64 

35.52 

34.62 

715' 

5    2' 

428 

15 

4  a.m. 

5643' 

0 

2.00 

19.57 

35.38 

34.50 

455 

21 

4  a.m. 

54    0' 

0 

5.00 

19.57 

35.38 

34.50 

7    0' 

515' 

429 

15 

6  a.m. 

5626' 

0 

2.00 

19.65 

35.53 

34.63 

456 

21 

6  a.m. 

5417' 

0 

4.50 

19.41 

35.08 

34.21 

645' 

525' 

430 

15 

8  a.m. 

56    9' 

0 

2.00 

19.57 

35.38 

34.50 

457 

21 

8  a.m. 

5433' 

0 

4.50 

19.53 

35.30 

34.40 

630' 

535' 

431 

15 

10  a.m. 

55  53' 

0 

2.00 

19.40 

35.06 

34.20 

458 

21 

10  a.m. 

54  50' 

0 

4.00 

19.61 

35.45 

34.54 

6  18' 

545' 

432 

15 

12  noon 

5540' 

0 

3.00 

19.48 

35.21 

34.33 

459 

21 

12  noon 

55    6' 

0 

4.00 

19.57 

35.38 

34.50 

6   6' 

556' 

433 

15 

4  p.m. 

5515' 

0 

3.50 

19.47 

35.19 

34.32 

460 

21 

2  p.m. 

5525' 

0 

4.00 

19.53 

35.30 

34.40 

«   0' 

6    6' 

434 

15 

6  p.m. 

6457' 

0 

4.00 

19.57 

35.38 

34.50 

461 

21 

4  p.m. 

5543' 

0 

3.50 

19.37 

35.01 

34.14 

555' 

618' 

435 

15 

8  p.m. 

5438' 

0 

3.50 

19.57 

35.38 

34.50 

462 

21 

8  p.m. 

5618' 

0 

3.00 

19.21 

34.74 

33.88 

540' 

642' 

436 

15 

10  p.m. 

5423' 

0 

3.50 

19.57 

35.38 

34.50 

463 

21 

12  midn. 

5652' 

0 

3.00 

19.41 

35.08 

34.21 

632' 

7  10' 

437 

15 

12  midn. 

64    6' 

0 

4.00 

19.53 

35.30 

34.40 

464 

22 

4  a.m. 

5726' 

0 

3.00 

19.51 

35.28 

34.38 

525' 

735' 

438 

16 

2  a.m. 

5353' 

0 

4.50 

19.44 

35.14 

34.27 

465 

22 

6  a.m. 

5744' 

0 

2.50 

18.38 

33.23 

32.46 

5    5' 

748' 

-13(1 

16 

4  a.m. 

5338' 

0 

4.50 

19.57 

35.38 

34.50 

466 

22 

8  a.m. 

0x6 

0 

2.00 

18.41 

33.29 

32.51 

450* 

V.    Observations  from  Lofoten  February—  April  1897, 

(0.  NOKDOAABD). 

Febr. 

Meter 

Febr. 

Meter 

467 

5 

Hola 

0 

2°.80 

19.01 

34.40 

33.54 

470 

6 

The  har- 

0 

2».20 

19.17 

34.68 

33.82 

(Lofoten) 

bour   of 

4H8 

5 

In  the 

0 

2.80 

18.94 

34.27 

33.42 

Eidet 

middle  of 
the   Oat- 

(Vester- 
aalen) 

Hies  fjord 

469 

5 

Sildpold- 

0 

2.80 

18.40 

33.29 

32.49 

471 

At 

0 

3.80 

19.17 

34.68 

33.82 

naes 

Nykerne 

(Ostnaes- 

(Vester- 

fjord 

aalen) 

1« 


s 

1897 

Went  her 

>> 

Sounding!  1 

: 

if  2 

-- 

i  Temperature  II 
..f  tli-  wateril 
at  that  ,l..|.n, 

Saline  content* 

No 

1897 

Weather 

Locality 

Soundingi 

f-b 

-  *•! 

=.•€* 

&r 

i  at  urc  1 
..f  tin?  water! 
At  that  depOl 

Saline  conti-nu 

- 
I 

Cl. 
per 

:  in 

Sail 
,,..r 
in 

Salt 
per 

• 

1 

B 

Cl. 
per 
litre 

Salt 
per 
litre 

Ball 

per 
mille 

April 

HMi 

M.  •  • 

April 

Meter 

Meter 

472 

8 

At  Fnigga 

X 

110 

it 

4.00 

1H.23  :il.7N 
19.16 

33.92 

,,-, 

191 

25 

Out  .if  tin 
Ofoten 

0 

30 

2°.oo 
2  .20 

19.01 

19.01 

14«3tf'.5E. 

50 

4   m 

19.16  :u.i;ii 

:W.M( 

church 

50 

9  JO 

19.05 

..1.17 

33.ni 

IIXI 

1.00 

lii.iti  :»».«« 

:i:{.si 

120 

9  JO 

19.19 

31.  5H  33.73 

Hit 

3.80 

19.11!  :i|.iiti 

:»:t.Hi 

150 

6.00 

19.66 

35.55  34  115 

173 

10 

68*51'.85N 

17n 

0 

3.90 

l!i.2o  :U.74 

:»:t  H7 

250 

6.10 

19.84 

8647 

34  !Hi 

14*31  '    E. 

50 

4.20 

19.23 

HITS 

:»:».!ij 

191 

25 

7}  a.m. 

l.iland 

0 

0.80 

33.88 

33.06 

100 

4.20 

].,_.; 

34.78 

:w.<ta 

harbour 

ISO 

4.35 

19J8 

34.78 

:i:t.!t-j 

(Ofotenfj.) 

170 

1  .M:. 

19M 

:M.7« 

:»:i.92 

492 

25 

9  a.m. 

(tut  off 

0 

1  .no 

18.87 

34.15 

33.30 

474 

10 

Sunder.. 

0 

3.50 

l«.i':i 

34.78 

33.92 

l.ihiml 

Imrbour 

(Ofotenfj.) 

475 

li 

At 

(t 

3.40 

19.23 

8478 

JJ3.92 

493 

25 

12  noon 

Out  off 

0 

2.20 

1840 

34.01 

33.  1H 

Dybingen 

Ramsund 

(Sundero) 

(Ofotenlj. 

IT- 

14 

4    :«.lll. 

69°  1-.75M. 

(i 

:t  .-.'•i 

19.98 

:U.7s 

33.92 

I'M 

25 

1  p.m. 

Thenioiitli 

0 

9.40 

1847 

3330 

I5MO'.    K. 

of  tin- 

477 

17 

H6la 

116 

it 

•J.to 

18.94 

:»4.-J7 

33.42 

(Ofotentj.) 

(Lofoten) 

:K. 

2.40 

18.94  :»4.27 

33.42 

III.'. 

March 

St.  I 

40 

0 

1  .30 

19.01 

3l.|o 

:,ii 

2.40 

18.94 

:il.L'7 

88.49 

5 

I.ihuicl 

30 

1  .in 

18.98 

31.31 

100 

2.70 

19.01 

84,40 

33.54 

(("tstllrt'sfj.) 

40 

1.40 

I&96 

31.31    33,l<l 

[IS 

:i.:,o 

19.16 

8466 

33.8(1 

496 

5 

St.  II 

23 

0 

0.50 

18.94 

31.27  33.42 

17H 

19 

HMa 

120 

0 

2.10 

18.91 

34.22 

33.36 

Vi-t|n>llen 

10 

0.50 

18,87 

31.14  3330 

(Lofoten) 

50 

840 

18.94 

8497 

88.49 

(Ostuaeafj.] 

98 

0.70 

18.91 

34.22  33.3H 

100 

120 

4  .20 
4.70 

19.16 

19.23 

8466 
8478 

33.80 
33.92 

«97 

5 

St.  Ill 
Lang- 

60 

0 
10 

1  .(HI 
1  .20 

ISMS 

18.94 

31.31   33.49 
34.27   33.12 

;:• 

It 

0 

1  .!io 

18.87 

:u.i:>  :t:i.:io 

strand 

60 

2  .MI 

19.00 

8464 

6Q 

2.20 

18.91 

:<l.'j^  :»:t.:tt> 

(Ostntesfj.) 

l(K) 

2.10 

18.91 

8499 

88.86 

498 

6 

St.  IV 

M 

0 

1    .110 

L8.94 

8497 

1- 

19 

riiemuuth 

114 

0 

L',SII 

18.83 

8408 

33.23 

Stordalen 

60 

9.60 

19.08 

31,17 

33  til 

off 
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VI.    Surface  observations  in  the  North  Sea  18%, 
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6 
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1 

30 

9  a.m. 

58  52'     N. 
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33.39 

1  1 
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3  p.m. 

57  36'  N. 
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PLANKTON    TABLES 


NOTES. 

The  samples  were  gathered  by  means  of  small  bags  of  fine  canvas  (No.  16  or  18).  These  were  either  towed  along  near  the 
surface  of  the  water,  or  sunk  to  a  certain  depth,  for  instance  50  metres,  and  hauled  straight  up.  The  given  temperature  and  salinity, 
in  the  latter  instance  refers  to  that  at  the  greatest  depth  reached  by  the  bag.  The  occurrence  of  the  various  Plankton  Organisms  is 
represented  by  the  following  symbols. 

c  c  =  very  common, 
c  =  common. 
-f-  =  not  rare, 
r  =  rare. 
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3.    Samples  taken  June  1896 

onboard  of  H.  M.  S.  "Hansten": 
See  the  In-drographic  tables  A.  IV. 
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b)  Neritic  summer  forms. 
Skeletonema  costatum  Grev  

Eucampia  Zoodiacus  Ehb  

Chaetoceros  contortum  Schutt  

—     didymum  Ehb  

—     laciniosum   Schiitt   

—     coronatum  Gran  

—     Willei  Gran  

—     curvisetum   Cl  

Nitzschia  fraudulenta  Cl  

—     delicatissima  Cl  

c)  Neritic  winter  forms. 
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PLATE  1. 

Chart  of  the  Depths  of  the  Northern  Ocean.     (Mora:  The  northern  Ocean,  Its  Depths,  Temperature  and  Circulation,  PI.  II). 


Bergens  Museums  Skrifter.Vol.VI. 
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Hjort-Gran  del 


Lith.Anst. Julius  HinM\ardt,Leipzig. 


PLATE  2. 


Chart  of  the  Northern  Ocean,  shewing  the  Salinity  and  Temperature  on  the  surface  during  the  Summers  1876 — 78,  compiled 
from  TORXOES  and  MOHN'S  charts  in  the  Report  of  the  Norwegian  Northern  Ocean  Expedition,  supplemented  by  the  results  derived 
from  the  Drache  Expedition. 

The  Isotherms  are  printed  in  red. 


Bergens  Museums  Skrifter.Vol.VI. 


Plate  2. 


•   Hjort-Gran  del 


Lith.  Anst.  Julius  Klmkhardl . Leipzig. 


PLATE  3. 


Chart  of  the  Northern  Ocean,  shewing  the  temperature  and  salinity  on  the  surface  during  March  and  April  1897. 
The  Isotherms  are  printed  in  red. 

The  black  lines  indicate  the  routes  on  which  observations  were  made.     The  Surface  Observations  are  denoted  by  cross  lines, 
the  Deep  Sea  Sounding  Stations  are  indicated  by  small  circles. 

See  also  the  Hydrographical  Tables  B,  III — IV,  pp.  11 — 15. 
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PLATE  4. 


Fig.  1.     Section  Sogne  Fjord  (61°  9'  5"  N.  Lat.,  3"  50'  5"  E.  Long.)  -  -  Iceland  (66°  32'  N.  Lat.,  7°  15'  W.  Long.),  May   1896. 

The  Salinity  of  the  various  layers  is  given  in  the  same  colours  as  on  Pis.  1 — 2. 

The  Isotherms  and  Temperature  are  printed  in  red  lines  and  figures.     The  coloured  double  columns  under  individual  Stations 

represent  the  occurence  of  Plankton  Organisms.     The   individual   Species  are  printed  to  the  left   of  the  horizontal  lines;  the 

Oceanic  Species  being  denoted  by  Blue  colouring,  the  Neritic  by  Red  (Southern  or  Summer  Forms);  Brown  representing  the 

Northern  or  Winter  Forms,  and  Green  the  Arctic  Forms. 

The  comparative  frequency  is  given  in  various  tones  of  colouring,  the  light  tints  indicating  that  the  species  occurs  in  few 

numbers,  the  darker  denoting  a  plentiful  appearance. 

See  Hydrographical  Table  A,  III,  and  Plankton  Table  2. 
Fig.  2.     This  represents  the  same  Section  in  May  1897.     Hydrographical  Table  A,  V.,  Plankton  Table  4. 
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PLATE  5. 


Fig.  1.    Section,  Utsire — Iceland,  March  1897.     This  Section  is  delineated  on  the  Surface  Chart,  PI.  3. 
See  Hydrog.  Tab.  B.  III. 

-  2.    Section  off  Hustadviken  near  Christianssund.     The  Isotherms  are  printed  in  black. 

See  Hydrog.  Tab.  A.  IV,  Sts.  77  —  80. 

-  3.    Graphic  representation   of  the   variations   of  Temperature  at  various  depths  during  each  month  of  the  year  off  the  West  Coast 

of  Norway. 

4.    Similar  representation  of  the  different  degrees  of  Salinity  down  in  the  deep  throughout  the  same  period  at  the  same  place. 
The  colours  have  the  same  signification  as  those  on  Pis.  2  —  4, 
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PLATE  6. 


Figs.  1 — 4.  Sections  off  the  Norwegian  Coast  in  Summer  and  Winter. 

1  a.  Off  Hvidingso,  near  Stavanger,  Summer.     Hydrog.  Tab.  A.  I,  Sts.   1 — 3. 
11>.  The  same  locality  during  Winter.     Hydrog.  Tab.  B.  I,  Sts.   179—182. 

2  a,  b.  Off  Marstenen,  near  Bergen.     Hydrog.  Tabs.  A.  I,  Sts.  4—6,  and   B.  I,  Sts.  183—185. 

3  a,  b.  Off  Christianssund.     Hydrog.  Tabs.  A.  I,  Sts.  7  —  10,  and  B.  I.  Sts.   186—188. 

4  a,  b.  Off  Vigten.     Hydrog.  Tabs.  A.  I,  Sts.  11—13,  and  B.  I,  Sts.  189—191. 
Fiy.  5.  See  Hydrog.  Tab.  A.  IV,  Sts.  81—83. 
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PLATE  7. 


Fig.  1.  Section  across  the  Vest  Fjord,  and  off  K0st. 

la,  Summer  (Hydrog.  Tab.  A.  I,  Sts.  14—19). 

II.  Winter  (Hydrog.  Tab.  B.  I,  Sts.  192—198). 

-    2.  Square  Section  of  the  Vest  Fjord  (Bodo— Moskenses),  August  1895.     (Hydrog.  Tab.  A.  II,  Sts.  24-26). 

3—7.  Observations  in  Nordland  (Hydrog.  Tab.  A.  II). 

3.  Sts.  21—22. 

4.  St.  20. 

5.  St.  32. 

r>.  Sts.   27—29. 

7.  St.  30. 
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PREFACE. 


IN  the  years  1896  and  1897  I  have  at  the  expense  of  the  Bergen  Museum  undertaken  hydrographical  and  biological  investigations 
during  the  great  season  fisheries  in  the  Lofoten  district.  From  February  to  April  1896  sections  were  taken  at  several  parts  of 
the  coast  from  Stavanger  to  Vaero,  as  well  as  observations  at  the  fishing  stations  of  Lofoten.  In  captain  BIE  I  had  a  very  able 
assistant.  The  following  year  I  worked  alone,  the  investigations  being  limited  to  the  banks  of  Lofoten,  the  outer  side  of  the 
islands,  Vesteraalen,  and  the  Ofoten-fjord.  The  hydrographical  tables  provided  by  my  expeditions  were,  according  to  a  previous 
agreement,  handed  over  to  Messrs,  dr.  JOHAN  HJOET  and  cand.  GRAN,  so  as  to  enter,  as  contributions,  into  the  description  to  be 
given  by  these  gentlemen  of  the  currents  of  Norwegian  waters.  Mr.  GRAN  has  further  defined  and  described  the  diatomacea  and 
peridinea  contained  in  the  plancton  samples  collected  by  me.  I  have  myself  tried  to  give  a  description  of  the  more  important 
animal  forms  in  the  plancton. 

On  the  following  pages  I  intend  to  give  an  account  of  my  work  in  the  service  of  the  national  exploration  of  the  sea.  I 
admit  at  once  that  the  results  are  not  great,  but  at  the  same  time  wish  it  to  be  remembered  that  researches  of  this  kind,  to  the 
north  of  the  arctic  circle,  during  the  severest  season  of  the  year,  in  fishermen's  boats,  saving-boats,  and  small  steamers,  are  under- 
taken under  circumstances  that  greatly  differ  from  the  calmness  and  snug  comfort  of  the  laboratory.  Generally  speaking,  natural 
exploration  under  such  circumstances  is  of  a  nature  to  require  as  much  from  one's  stomach  as  from  one's  mind. 

I  have  to  thank  the  gentlemen  that  have  in  different  ways  assisted  me  in  this  work.  In  the  first  place  the  authorities  of 
the  Bergen  Museum,  who  have  started  me  by  providing  money.  Then  I  thank  professors  COLLETT  and  SARS,  dr.  APPELLOF,  curator  GRIEG, 
dr.  HJORT,  cand.  GKAN,  dr.  KLSH,  curator  BIDENKAP,  and  cand.  OSTERGHEN  of  Upsala,  for  the  valuable  assistance  given  me  in 
defining  materials  of  several  kinds.  Especial  thanks  I  owe  to  professor  SAHS,  who  has  not  only  defined  several  Crustacea  taken  from 
the  stomachs  of  cods,  but  has  also  introduced  me  to  a  knowledge  of  the  general  forms  of  animal  plancton. 


A,    General  Remarks  on  the  Lofoten  Fisheries, 


Rmany  centuries  Norwegians  have  gone  to  the  Lofoten  islands 
L  order  to  fish  cod.  At  several  places  in  the  old  sagas 
accounts  are  found  showing  that  the  winter  fisheries  have  been  of 
great  importance  during  all  the  time  that  Norway  has  existed  as  a 
united  kingdom.  In  the  past,  as  well  as  at  present,  the  cod  fishery 
of  Lofoten  has  given  a  certain  harvest  every  year,  though  the 
amount  of  the  catch  has  varied  very  much.  The  fact  that  the 
Lofoten  has  from  ancient  times  been  known  as  the  place  where 
men  could  most  surely  harvest  from  the  riches  of  the  sea,  can 
probably  be  adduced  to  a  plurality  of  circumstances.  The  Lofoten 
fishery  is  a  "gaat-fishery",  i.  e.  the  arrival  of  the  ocean  cod 
within  reach  of  the  several  catching  gear  (sink-line,  set-line,  nets, 
&c.)  is  originated  by  the  powerful  impulse  of  propagation,  which, 
supported  by  a  remarkable  instinct,  causes  large  masses  of  sexually 
ripe  individuals  of  cod  to  move  in  upon  the  coast  banks.  There 
is  certainly  reason  to  think  that  during  the  spawning  time  the  cod 
does  not  deny  its  nature  and  despises  the  claims  of  its  stomach, 
but  still  the  real  thing  seems  to  be  that  during  the  spawning  time 
the  feeding  question  becomes  one  of  secondary  importance.  It 
is  also  well  known  that  the  Finmarken  "lodde-fishery"  is  more 
variable  than  the  Lofoten  fishery,  a  fact  evidently  caused  by  the 
circumstance  that  the  migration  of  the  cod  shoals  in  the  latter  case 
depends  on  the  presence  of  the  "lodde"  (mallotus  irillosus).  The 
chief  cause  of  the  favourable  results  of  the  long-established  Lofoten 
fisheries  is  certainly  to  be  looked  for  in  the  construction  of  the 
ocean  bottom.  By  the  soundings  of  the  government  chartographers 
and  of  the  Norwegian  North-Ocean  Expedition,  a  good  survey  has 
been  obtained  of  the  bottom  of  the  ocean;  thus  the  existence  has 
been  proved  of  considerable  bank  plateaux  outside  the  chief  districts 
for  the  cod  fisheries.  Especially  that  of  Lofoten  is  surrounded  by 
vast  banks,  which  the  North-Ocean  Expedition  could  follow  all  the 
way  up  to  Spitsbergen.  The  circumstance  that  the  water  has  a 
motion  that  makes  it  wash  against  the  edge  of  the  banks  and  thus 
causes  a  stowing  up  of  the  planctonic  food  material,  is  most  pro- 
bably an  essential  condition  for  the  rich  development  of  benthos 
forms  of  which  the  above  mentioned  Norwegian  expedition  has 
given  sufficient  evidence.  Prof.  SABS  says  in  the  report  of  the 
expedition  of  1877:  "Outside  the  district  of  Aalesund  stretches 


the  bank-edge  Storeggen,  already  known  and  used  for  bank  fishing 
in  older  days ;  outside  the  Lofoten  district  however  lies,  as  we  have 
been  able  to  show,  an  edge  of  perfectly  like  condition.  But  in  the 
same  relation,  in  which  the  Lofoten  fisheries  surpass  the  Aale- 
sund fisheries  in  importance,  in  the  same  relation  the  now  dis- 
covered Lofoten  edge  has  an  extent  as  much  larger  than  that  of 
Storeggen.  On  this  extensive  edge,  which  stretches  along  the  whole 
of  the  long  island  group  of  Lofoten  and  further  northward,  as  well 
as  in  the  coast  sea  lying  inside  of  it,  there  is  no  lack  of  room 
even  for  such  enormous  masses  of  fish  as  those  appearing  during 
the  Lofoten  winter  fisheries." 

There  are  many  reasons  to  believe  that  Mr.  SAES  is  right  in 
describing  this  edge  as  the  real  hunting  ground  of  the  ocean  cod. 
Among  other  things  may  be  mentioned  that  the  hoe-fish  hunters 
report  that  this  rapacious  preying  fish  particularly  sticks  to  the 
edge  mentioned.  It  is  another  thing  that  the  fishing  here  can 
hardly  be  carried  on  owing  to  the  strong  current.  That  also  cod 
and  other  bottom  fish,  as  ling,  haddock,  torsk,  halibut,  exist  on 
the  extensive  plateau  inside  the  edge,  has  been  proved  by  the 
bank  fishers.  For  that  the  "bank-cod"  is  nothing  but  the  Lofoten 
"skrei"  has  been  made  evident  by  the  examinations  of  Mr.  SAES. 
The  reason  that  the  ocean  cod  in  the  summer  is  more  sparely 
caught  by  the  fishermen,  has  probably  to  be  sought  in  the  circum- 
stance that  it  then  moves  more  thinly  spread.  A  crowding-together 
of  the  cod  may  however  also  occur  in  the  summer  time,  viz.  under 
circumstances  when  some  "aate"  (food  matter)  appears  in  great 
quantity.  Rich  catches  of  summer  cod  have  thus  been  made  occa- 
sionally at  Spitsbergen,  as  far  north  as  the  80-th  degree  lat.  Mr. 
SABS  in  his  report  for  1878  statest  hat  the  North  Ocean  Expedition 
near  Beeren  Eiland  fell  in  with  large  shoals  of  cod,  which  were 
gorging  in  fly-aate  (limacina  helieina).  During  that  same  summer 
large  catches  were  also  made  at  Norsk-0erne  in  shallow  waters 
(16 — 18  fathoms).  Here  too  the  limacina  proved  to  form  a  main 
part  of  the  contents  of  the  fish-stomach.  Such  a  fishery,  however, 
must  be  varying,  just  because  it  depends  on  a  plancton  organism 
that  is  very  irregular  in  its  occurrence.  In  1883  the  summer 
fishing  at  Spitsbergen  failed  completely,  and  since  that  time  scarcely 
any  trial  worth  mentioning  has  been  made. 


Also  iu  Western  Norway  there  occar  during  the  first  months 
of  the  year  arrivals  of  ripe  cod,  at  least  as  far  south  as  the  reef 
of  Jederen.  The  fishing  of  the  ocean  cod  coming  up  to  the  coast 
here,  thus  coincides  as  to  time  and  place  with  the  spring  herring 
fisheries.  The  last  mentioned  cod  fishery  however  does  not  in  im- 
portance come  near  to  the  Lofoten  and  Sdndmdre  fisheries.  Tin- 
Lofoten  fishery  is  by  far  number  one,  then  follows  that  of  Si'md- 
rnGre  as  no.  2.  and  that  of  the  "West  land"  as  no.  3.  Even  at 
places  lying  between  those  mentioned,  ocean  cod  is  also  being 
fished,  but,  as  far  as  has  been  hitherto  ascertained,  the  amount  of 
fish  is  not  so  large  as  on  the  Lofoten  and  Sondmiire  banks,  al- 
though for  instance  on  the  Vigten  banks  and  in  the  district  Vester- 
aalen — Sdroen  it  is  by  no  means  unimportant.  In  these  places 
however  the  fishing  sometimes  fails. 

On  a  chart  of  Norwegian  waters  showing  depth  curves  of  the 
tea  bottom,  will  be  seen  that  the  edge  of  the  ocean  hanks,  in 
making  a  considerable  bend  inwards,  formally  points  towards  the 
West-fjord;  that  thereby  the  chief  direction  of  the  movement 
of  the  fish  towards  the  coast  is  given,  is  considered  to  be  af- 
firmed by  the  experience  of  many  years.  It  is  therefore  not 
very  likely  that  the  cod  living  along  the  great  edge  should,  when 
the  propagating  time  approaches,  take  the  direct  course  on  the 
Lofoten;  the  fish  will  follow  the  edge  as  it  runs  on,  and  that 
the  stream  of  fish  will  then  be  directed  into  the  West-fjord  is 
thereby  given. 

Professor  HELLAND*)  says  about  this:  "If  the  ocean  cod, 
which  we  know  is  a  bottom  fish,  on  its  way  to  its  spawning  grounds 
has  no  other  guidance  for  its  submarine  navigation  than  the  con- 
figuration of  the  bottom,  while  the  fish  is  following  a  depth  suitable 
for  it,  then  the  conclusion  is  obvious  that  the  Lofoten  fisheries 
must  be  annually  constant,  because  the  present  configuration  of 
the  bottom  has  been  essentially  unchanged  during  the  time  known 
to  history." 

About  the  chief  direction  of  the  inward  migration  of  the  cod 
there  have,  however,  prevailed  different  opinions. 

Thus  the  renowned  German  geologist  LEOPOLD  VON  BtJCH  sup- 
posed that  the  cod  entered  through  the  Gimsostrcim  and  the  Raft- 
sund.  and  an  older  Norwegian  author,  anitmand  BLOM,  thought 
that  the  wide  channel  between  Vaero  and  Eost  was  the  great 
entrance  gate. 

*)  Lofoten  og  Verteraalen,  p.  12«. 


It  is  well  known  that  no  cod  fishing  worth  mentioning  takes 
place  on  the  continental  side  of  the  Vestfjord.  A  reason  for  liii- 
is  easily  found.  Between  the  coast  line  and  the  edge  there  is  here 
only  an  extremely  narrow  band,  and  the  edge  consequently  very 
abruptly  sinks  towards  the  bottom  of  the  Vestfjord.  In  other  words, 
the  bank  plateau  is  here  so  small,  that  it  does  not  afford  suitable 
fishing  grounds.  It  is  however  likely  too  that  there  are  no  such 
masses  of  fish  along  the  inner  edge  as  along  the  Lofoten  edge 
proper.  There  is  reason  to  believe  that  the  greater  part  of  the 
cod  shoals  that  visit  Lofoten  start  from  the  edge  and  bank  plateau 
situated  to  the  north  of  Lofoten,  and  these  shoals  will,  by  following 
the  ocean  edge,  at  last  be  directed  to  the  fjord  edge  on  the  inside 
of  the  Lofoten  islands.  Thus  it  is  but  little  probable  that  large 
masses  of  the  fish  coming  from  the  north  should  pass  across  to 
the  continental  edge  of  the  fjord. 

On  the  other  hand  the  bank  plateau  to  the  south  of  Lofoten 
is  not  of  such  extent  as  that  to  the  north,  and  can  consequently 
not  support  corresponding  numbers  of  fish;  besides,  the  cod  fishing 
that  takes  place  on  the  coast  of  Helgeland  shows  that  the  cod  living 
more  to  the  south  choose  more  southerly  ways  for  migrating  to  the 
coast  banks.  In  other  words,  it  is  likely  that  but  a  very  small 
part  of  the  cod  living  to  the  south  of  Lofoten  seek  northward  in 
order  to  perform  its  spawning. 

The  fish  that  have  spawned  in  Lofoten,  and  escaped  the  fisher- 
men there,  seem  also  to  return  northward.  Among  other  things 
that  go  to  show  this,  is  the  circumstance  that  the  late  fishing  that 
occurs  (the  so-called  "skraapfiske")  is  most  successfully  carried 
on  off  Vesteraalen  (for  instance  at  Gaukvaero). 

It  is  however  a  fortunate  fact  that  the  Lofoten  fisheries  have 
been  rather  constant,  season  after  season  for  centuries,  which  can 
be  explained  by  a  considerable  stability  in  the  natural  relations 
that  determine  their  course.  It  is  no  easy  matter  to  point  out  the 
positive  and  negative  causes  and  the  extent  of  their  operation,  but 
in  our  searching  for  causes  we  shall  at  least  find  two  prominent 
ones,  viz.  the  immense  surrounding  banks  and  their  great  power 
of  producing  food  for  the  fish.  The  ancient  glaciers  have  scoured 
our  country,  so  it  is  less  fit  for  agriculture;  in  return  the  same 
glaciers  have,  by  their  contributions  to  the  making  of  our  ocean 
banks,  given  some  compensation  for  what  spoil  they  have  taken 
from  the  land. 


B,     Hydrographical  Investigations, 


I  HE  importance  of  physical  observations  during  the  fisheries  in 
Lofoten  was  argued  by  professor  SABS  already  in  his  first 
report  to  the  government  in  1864,  but  not  till  1878  temperature 
measurements  were  undertaken  during  the  fishing  season,  by  the 
then  supervising  chief,  Mr.  JUEL.  The  observations  were  made  in 
the  harbour  of  Svolvser  and  at  a  distance  of  1 — 3  geogr.  miles 
SSE  of  Svolvser  lighthouse.  (See  official  report  of  1878  p.  54—56). 
On  February  25th,  at  the  latter  place,  exceptionally  high  tempera- 
tures were  measured,  even  up  to  ll°.o  C.  at  a  depth  of  60  fathoms; 
at  the  same  time  the  bottom  temperature  (6  fathoms)  in  Svolvaer 
harbour  was  above  4°  C.  Setting  apart  the  11°.5  C.,  it  appears 
from  the  tables  that  the  temperature  at  60  fathoms  has  varied 
between  3°.75  and  7°  C.  During  the  two  winters  that  I  have 
undertaken  measurements  in  Lofoten,  i  have  nowhere  found  such 
a  high  temperature  as  7°  at  a  depth  of  60  fathoms,  so  the  tem- 
perature of  the  water  strata  in  1878  must  have  been  higher  than 
usually.  Whether,  however,  this  circumstance  has  influenced  the 
fishing  of  that  year,  which  by-the-bye  was  very  rich,  is  likely  to 
be  doubtful. 

Temperature  measurements  were  continued  in  the  following 
year  1879  at  Svolvser  (report  1879  p.  86—112).  At  the  end  of 
January  and  beginning  of  February  the  temperature  of  the  air  was 
on  the  average  below  zero  (lowest  temp.  —  9°.4  C.  on  Feb.  4th). 
The  measurements  close  outside  Svolvaer  harbour  also  show  very 
low  temperatures  in  the  upper  layers  of  the  sea,  from  7th  to  19th 
Feb.  0°  to  —  0°.75  C.  being  noted  for  the  surface.  The  low  tem- 
perature of  the  air,  however,  does  not  appear  to  have  influenced 
very  much  the  surface  temperature  of  the  fishing-sea  close  to  Svol- 
vaer. Otherwise  in  the  upper  water  strata,  indeed  even  at  the  usual 
fishing  depths  of  40,  50,  60  fathoms,  there  have  been  great  changes 
of  temperature.  Only  at  a  depth  of  70  fathoms  it  remains,  nearly 
without  exception,  between  6°  and  7°  C.  (31st  Jan.  to  10th  April). 
The  observations  were  continued  at  Lodingen  in  May  and  June  by 
the  direction  of  telegraph  inspector  LIE.  Whereas  the  previous 
observations  had  throughout  given  the  surface  water  as  the  coldest, 
the  measurements  of  Mr.  LIE  show  a  displacement  of  the  minimum 
to  a  few  fathoms  below  the  surface.  The  surface  temperature  in 
the  month  of  May  remains  between  3°  and  6°.2  C.  and  thus  does 
not  reach  that  of  the  bottom  water.  At  a  depth  of  70 — 100  fathoms 
the  temperature  for  May  and  June  is  between  6°  and  7°,  and  at 


the  bottom  (100  f.)  the  variations  do  not  exceed  0°.3  C.  (6.°2— 
6°.5).  Thus,  while  the  temperature  minimum,  earlier  in  the  year, 
lay  in  the  surface,  it  is  towards  the  middle  of  May  displaced  to  a 
few  fathoms  below  the  same.  Gradually  the  minimum  sinks  lower, 
so  about  June  26th  it  is  at  about  30  fathoms,  when  the  surface 
temperature  has  risen  above  the  comparatively  constant  bottom  tem- 
perature by  more  than  2°  C. 

The  measurement  on  June  26th  1879  gave  the  following  results: 
0  fathoms  9°      C. 
10  7°.2    - 

20  6°.0    - 

30  5°.4    - 

40  5°.6    - 

50  6°.0    - 

70  6°.4    - 

'100  6°.5    - 

In  the  same  year  1879  at  the  fishing  station  Skraaven  some 
series  of  observations  were  taken,  which  I  here  print  complete  as 
they  appear  to  me  to  be  characteristic. 

Skraaven  in  Lofoten: 


Depth 

26A 

'/3 

2/4 

% 

0  fathoms 

1°.75C. 

3°.00  C. 

1°.76C. 

1°.75C. 

10 

1°.75  - 

3°.00  - 

1°.76  - 

1°.75  - 

20       — 

25       — 

1°.75  - 

3°.00  - 

2°.15  - 

1°.7B  - 

30 

1°.75  - 

3°.00  - 

2°.15  - 

35       — 

5°.00  - 

3°.00  - 

2°.15  - 

40 

5°.50  - 

5°.00  - 

4°.00  - 

2°.50  - 

45 

6°.00  - 

4°.00  - 

50 

6°.00  - 

6°.00  - 

4°.00  - 

3°.50  - 

55       — 

5°.00  - 

4°.00  - 

60 

7°.00  - 

6°.25  - 

6°.00  - 

6°.00  - 

70       — 

6°.75  - 

6°.75  - 

6°.50  - 

6°.50  - 

80       — 

90       — 

6°.50  - 

6°.75  - 

6°.7o  - 

6°.75  - 

100 

120 

7°.00  - 

7°.00  - 

7°.00  - 

7°.00  - 

160 

7°.00  - 

7°.00  - 

7°.00  - 

7°.00  - 

180       — 

6°.75  - 

7°.00  - 

7°.00  - 

7°.00  - 

190       — 

6°.75  - 

7°.00  - 

7°.00  - 

7°.00  - 

The  then  supervising  chief,  Mr.  JUEL,  maintains  that  the  in- 
fluence of  the  air  temperature  on  that  of  the  water  neither  seems 
to  be  very  great  nor  to  extend  far  down.  This  is  of  course  to  be 
thus  understood,  that  a  sinking  of  the  air  temperature  for  a  shorter 
time  does  not  cause  a  corresponding  sinking  of  the  temperature 
degree  of  the  water  layers.  The  old  assertion  that  the  cold  should 
exercise  an  unfavourable  influence  on  the  fishing  by  lowering  the 
temperature  of  the  water,  is  thus  deprived  of  any  support.  The 
incorrectness  of  the  assertion  must  also  be  said  to  be  proved  by 
experience. 

At  that  time,  however,  people  began  getting  a  strong  belief 
in  the  influence  of  the  sea  temperature  on  the  progress  of  the 
Ashing.  The  measurements  already  undertaken  had  sufficiently 
shown  that  the  temperatures  in  the  usual  fishing  depths  were 
extremely  changing.  Experience  had  also  proved  that  in  one  case 
floating  gear  ("flSit-redskab")  made  the  best  catches,  while  in  an- 
other case  bottom  gear  was  most  successful.  It  was  therefore  an 
obvious  conclusion  to  attribute  these  anomalies  to  the  various  tem- 
peratures of  the  water  strata.  I  will  later  on  enter  upon  a  closer 
examination  of  this  question. 

The  Lofoten  report  for  1880  contains  a  complete  account  of 
the  measurements  oi  inspector  LIE  at  Lodingen  from  May  to  De- 
cember 1879  (p.  94 — 98).  It  appears  from  the  latter  that  the 
surface  temperature  reaches  its  greatest  values  in  the  month  of 
August  (9°.3  C. — 14°.8  C.).  The  average  of  the  surface  tempera- 
tures observed  during  this  month  is  12°.6  C.  In  September  the 
surface  temp,  remains  between  10°  and  11°  with  an  average  of 
10°.8,  and  the  temp,  is  sinking  from  the  surface  towards  the  bottom. 
In  the  month  of  October  the  sea  enters  into  its  autumn  condition 
with  a  temperature  maximum  below  the  surface,  and,  at  the  same 
time  as  this  in  the  course  of  the  autumn  is  lowered  in  positive 
degree,  it  is  depressed  at  the  greater  depths  until  at  last,  in 
value  and  situation,  it  coincides  with  the  zone  that  seems  untouched 
by  the  changes  caused  by  the  seasons.  The  upper  limit  of  this 
zone  may  be  put  at  a  depth  of  100  fathoms,  or  a  little  more. 

On  the  basis  of  Mr.  LIE'S  measurements,  as  well  as  the  tem- 
perature media  computed  by  Mr.  KOKK  for  every  half  month  for 
the  observation  station  at  Lodingen  (report  of  1880,  p.  100—101), 
I  will  shortly  sketch  the  annual  changes  of  the  temperature  of  the 
water  strata.  It  will  then  appear  whether  later  observations  have 
affirmed  the  main  features  of  this  account. 

In  the  four  first  months  of  the  year  the  surface  is  the  seat 
of  the  temperature  minimum,  but  in  May  the  latter  is  displaced  to 
a  few  fathoms  below  the  surface.  According  as  the  heat  of  the 
sun  influences  the  upper  layers,  this  minimum  becomes  more  pro- 
minent and  is  at  the  same  time  pressed  lower  down. 

Thus,  according  to  the  observations  mentioned  above,  the  tem- 
perature average  for  the  first  half  of  August  is 

at      0  fathoms  14°.7  C. 

-  50  6°.0    - 

-  100  (bottom)     6°.5    - 

In  the  first  half  of  September  the  temperature  medium  is 
at      0  fathoms    10°.7  C. 

-  70  6°.l    - 

-  100       —  6°.4    - 


In  the  course  of  the  autumn  the  surface  is  much  cooled  down, 
and  in  October  the  temperature  consequently  increases  down  through 
the  layers  towards  a  maximal  value,  and  then  sinks  again.  The 
autumn  maximum  has  a  similar  movement  as  the  minimum  in  the 
spring,  it  is  pressed  deeper  and  deeper  until  it  is  lost  or  turns 
into  the  zone  that  seems  untouched  by  the  annual  changes.  The 
measurements  show  that  the  autumn  condition,  which  is  thus  cha- 
racterized by  a  temperature  maximum  at  a  certain  depth,  lasts  to 
the  end  of  the  year,  while  already  the  first  half  of  January  presents 
itself  with  the  typical  winter  condition,  i.  e.  with  a  minimum  in 
the  surface  and  a  temperature  rising  downwards  to  100  fathoms. 

The  other  tables  in  the  report  of  1880  show  temperature  con- 
ditions in  various  parts  of  the  Lofoten  fishing  sea,  accompanied  by 
observations  on  the  progress  of  the  fishing.  At  one  and  the  same 
place  the  changes  of  temperature  may  occur  rather  quickly,  but 
the  general  rule  is  however  that  it  is  lowest  in  the  surface  and 
rises  towards  the  bottom.  As  a  result  of  the  whole  of  the  obser- 
vations, the  supervising  chief  emphasizes  that  good  fishing,  partly 
even  rich,  has  occurred  in  depths  where  the  temperature  has  varied 
from  2°  to  5°  C. 

The  Lofoten  report  of  1881  contains  an  account  of  continued 
measurements  at  Lodingen  (p.  179 — 182),  as  well  as  the  compu- 
tations by  Mr.  KOKK  of  the  mean  water  temperature  at  the  same 
place  for  each  half  month  from  May  1880  to  January  1881  (p. 
184 — 185).  The  results  stated  confirm  my  above  given  account. 
May  and  October  are  months  of  transition,  and  the  bottom  tempe- 
rature at  100  fathoms  varies,  during  all  the  changes  in  the  over- 
lying strata,  only  between  6°.3  and  6°.5.  The  highest  temperature 
average  falls  on  August  with  12°.  I  for  the  first  half  of  the  month, 
and  ll°.o  for  the  second. 

The  Lofoten  reports  for  1881  also  contain  accounts  of  several 
measurements  made  at  the  fishing  stations  (Svolvser,  Ostnes-fjord, 
Raftsund,  and  other  places).  The  experience  made  at  the  Ostnes 
fjord  seemed  to  indicate  a  certain  connection  between  the  water 
temperature  and  the  fishing.  In  1882  a  rich  fishing  took  place  in 
the  Ostnes-fjord.  The  chief  of  the  supervision,  Mr.  BRODTKORB, 
says  (Lofot  rep.  1882  p.  77)  that  in  less  than  8  weeks  more  than 
6  million  cod  was  brought  up  from  the  sea.  The  measurements 
taken  showed  that  the  temperature  at  60 — 80  fathoms  varied  in 
February  and  March  between  5°  and  6°.  Quite  commonly,  how- 
ever, "floit-redskab"  (floating  tackle)  was  used,  so  that  the  fishing 
chiefly  was  done  in  water  of  4° — 5°  C. 

Also  in  1883  measurements  were  undertaken  in  the  Ostnes 
fjord,  but,  although  the  temperature  in  February  and  March  does 
not  seem  to  have  differed  much  from  what  it  was  in  the  corre- 
sponding months  of  the  previous  year,  the  fishing  did  not  succeed. 

In  1884  temperature  series  were  taken  in  the  Raftsund.  The 
supervision  chief,  Mr.  KNAP,  states  that  the  best  fishing  was  made 
at  a  depth  of  40 — 50  fathoms,  the  temperature  of  the  corresponding 
strata  being  4° — 6°.  Still  the  nets  were  preferably  used  at  60  f., 
and  at  this  depth  the  temperature  was  higher,  nearly  up  to  6°  C. 

In  1885  and  86  measurements  were  undertaken  off  the  fishing 
station  Hopen.  The  first  year  5°  was  reached  at  30 — 40  f.  by 
observations  in  February  and  March,  and  the  fishing  was  very 
good. 


On  March  5th  the  following  temperatures  were  noted: 
At     0  fathoms  3°.0   C. 
-     10       —       3°.l     - 


-  20 

-  30 

-  50 

-  60 


4°.0  - 

4°.5  - 

5°.0  - 

5°.4  - 


In  1886  the  fishing  off  Hopen  was  not  a  good  one,  while  on  the 
contrary  it  succeeded  very  well  off  Henningsvser.  The  temperature, 
from  the  surface  to  50 — 60  f.,  was,  from  March  llth  to  April  3rd, 
rather  unchanged  in  the  fishing  waters  off  Hopen.  This  is  of  interest, 
because  many  measurements  from  the  previous  year  had  shown  a 
most  unstable  and  very  variable  distribution  of  temperature. 

The  measurement  on  March  llth  gives  these  results: 
At     0  fathoms  2°.4   C. 

-  10  2°.5    - 

-  20       —       2°.5    - 

-  30  2°.6    - 

-  40  2°.8    - 

-  50  3°.0    - 

If  we  compare  this  table  with  the  measurements  of  March  5th 
1885  the  difference  is  striking. 

In  1887  no  temperature  measurements  were  undertaken  by 
the  supervision  service,  but  EDVABD  MEISFJOED,  the  captain  of  a 
fishing  boat,  employed  a  deep  water  thermometer  in  the  execution 
of  his  profession,  and  thought  it  to  have  been  of  great  service 
to  him. 

In  that  year  appeared  professor  MOHN'S  well-known  work 
"Depths,  temperature,  and  currents  of  the  North  Ocean".  Pro- 
fessor MOHX  has  here  given  a  description  of  the  natural  con- 
dition of  the  whole  of  the  North  Ocean,  based  on  the  knowledge 
obtained  by  the  Norwegian  expeditions  of  1876  to  1878.  The 
work  besides  contains  a  great  deal  of  information  on  the  hy- 
drography of  the  fishing  banks  and  fjords.  Several  of  these 
results  are  of  special  importance  for  the  hydrography  of  the  Vest 
fjord  and  the  Lofoten  banks,  and  I  shall,  at  the  end  of  the  present 
chapter,  mention  some  of  the  facts  for  comparison  with  my  own 
measurements.  In  1688  no  measurements  were  made  by  the  super- 
vision, but  EDVAHD  MEISFJOED  went  on  constantly  employing  his 
thermometer,  and  was  confirmed  in  the  belief  in  its  practical  use- 
fulness. The  following  year  five  boat-captains  had  thermometers, 
and  all  express  the  opinion  that  the  cod  was  to  be  sought  in  water 
of  4—5°  C. 

The  year  1890  seems  to  have  shown  special  conditions  for  the 
fishing  according  to  the  report  of  the  supervision  chief,  Mr.  KNAP. 
The  cod  at  an  early  period  migrated  to  the  shores,  pressing  into 
fjords  and  bays.  A  good  fishing  could  thus  go  on  close  to  the  shore 
at  a  depth  of  5 —  1 0  fathoms.  It  is  true  that  only  a  few  measure- 
ments were  taken,  but  these  at  any  rate  do  not  seem  to  indicate 
exceptional  temperatures.  Thus  it  does  not  appear  that  for  instance 
the  higher  water  strata  have  had  a  higher  temperature  than  usualy. 

In  the  years  1891 — 92  the  government  caused  temperature 
measurements  to  be  undertaken  in  Lofoten  on  a  greater  scale. 
They  were  made  by  marine  lieutenant  GADE,  who  published  the 


results  in  "Temperaturmaalinger  i  Lofoten  1891 — 92,  Kristiania 
1894".  The  whole  fishing  sea  of  Lofoten  was  thus  for  the  first 
time  subjected  to  a  systematic  examination  as  to  the  occurring 
temperature  conditions.  In  1891  the  lowest  temperature  (0°.B  C.) 
was  measured  in  the  surface  of  the  Ostnes-fjord,  on  March  16th, 
and  the  highest  (6°.6  C.)  at  75  fathoms  on  March  28th  on  the 
edge  south  of  Skraaven.  The  temp,  of  6°  was  usually  reached  at 
75 — 100  f.  The  highest  surface  temp.,  3°.6  C.,  was  measured  on 
Feb.  26th  in  the  Raftsund.  In  1892  the  temperature  conditions 
differed  very  much  from  those  of  the  previous  year.  About  the 
middle  of  January  there  was  in  Vestlofoten  about  5°  in  the  surface, 
and  at  the  bottom  of  the  bank,  in  several  places  7°  and  more. 
Even  in  East  Lofoten  the  surface  temperature  at  the  end  of  Janu- 
ary was  about  4°.  In  the  course  of  February  and  March  the 
temperature  decreased  in  the  surface  strata,  but  the  deeper  strata 
constantly  kept  at  about  7°.  Temperatures  of  above  7°  in  winter 
have  not  been  found  in  Lofoten,  neither  before  nor  afterwards; 
the  conditions  of  the  fishing  sea  must  certainly  have  differed  much 
from  the  usual  ones.  The  comparative  particulars  of  the  progress 
of  the  fishing  given  by  Mr.  GADE  show  that  the  fishing  went  on 
without  any  difference  in  water  of  4° — 7°  C. 

In  the  years  1893 — 94  no  observations  were  undertaken  under 
government  authority,  but  several  boat-captains  used  the  thermo- 
meter, and  the  belief  in  the  usefulness  of  this  instrument  was 
kept  alive. 

By  agreement  between  commodore  KNAP  and  dr.  HJOHT, 
samples  of  the  sea  water  were  taken  in  1895  by  the  captain 
of  the  saving  sloop  "Liv"  in  the  fishing  sea  off  Henningsvar. 
Besides,  Mr.  KNAP  caused  samples  to  be  taken  at  several  other 
places  in  East  Lofoten.  The  result  of  this  work  is  printed  in  dr. 
HJOKT'S  book  ("Hydrografisk-biologiske  studier  over  norske  fiske- 
rier",  p.  140 — 142).  The  temperatures  given  there  show  a  normal 
character,  and  the  saltness  of  the  surface  varies  between  32.83  and 
33.71  pro  mille.  The  saltness  is  slowly  increasing  from  the  surface 
towards  the  bottom.  5°  C.  is  reached  at  different  depths,  the 
saltness  as  a  rule  then  exceeding  34  %0.  In  the  autumn  of  1895 
Mr.  HJOBT  himself  undertook  an  expedition  to  Lofoten  (hydrogr. 
tables  A.  II.).  In  1896  captain  BIE  and  myself  took  5  sections 
in  the  coast  sea  from  Stavanger  to  Lofoten,  after  which  we  made 
observations  in  the  Lofoten  fishing  sea,  partly  in  saving  sloops, 
partly  in  steamers.  Besides  water  samples,  plancton  was  also 
taken. 

In  the  winter  of  1897  I  undertook  alone  observations  in 
Lofoten,  Vesteraalen,  and  Ofoten. 


Professor  MOHN  has  in  his  above  mentioned  work  (1.  c.)  col- 
lected a  great  number  of  interesting  facts  about  the  seas  that  sur- 
round Norway.  However,  as  it  is  not  my  task  to  give  a  general 
view  of  the  hydrography  of  the  North  Ocean,  I  will  from  Mr.  MOHN'S 
work  only  quote  what  is  most  necessary  for  illustrating  the  local 
conditions  in  Lofoten.  From  the  table  at  page  49  will  be  seen 
that  the  distribution  of  temperature  on  the  edge  off  Lofoten  pre- 
sents itself  thus 


- 


1877  June  29th.     Lat.  68°3',  long.  9°53'  E. 

0  metres       8°.2  C. 

91  7°.l    - 

183  6°.2    - 

366      —  B°.3    - 

549  3°.5    - 

732      —      —  0°.5    - 

914  -l°.l    - 

1083  -1M2- 

Not  far  from  Rfist  the  North  Ocean  Expedition  measured  on 
June  28th  1877,  lat  67»35',  long.  11°46': 

0  metres  8°.4  C. 
18  7°.7    - 

37  5°.3    - 

55  4°.9    - 

73  4°.4    - 

91  4°.4   - 

116  4°.5    - 

At  the  mouth  of  the  Vest-fjord  was  found  on  June  22nd  1877, 
in  lat.  67°27',  long.  13°25': 

0  metres  7°.6    C. 

18  6°.82  - 

37  4°.73  - 

55  4°.16  - 

73  4°.03  - 

91  3°.89  - 

110  3°.78  - 

128  3°.9U  - 

146  4°.0     - 

183  4°.3     - 

219  4°.6     - 

256      —      5°.3     - 

According  to  Mr.  MOHX  0-  c.,  P-  87)  &e  following  series  was 
observed  from  the  surveying  ship  "Hansteen"  on  August  21st  1885 
at  the  mouth  of  the  Vest-fjord: 

Lat.  67°8'  N.    Long.  13°4'  E. 

0  metres  11°.9  C. 

25  13°.3    - 

60  10°.3    - 

70      —        8°.2    - 

150  7°.0    - 

200  6°.  7    - 

Bottom  280  6°.7    - 

From  the  deep  basin  of  the  innermost  part  of  the  Vest-fjord 
the  expedition  measured: 

June  2 1st  1878,  lat  68°12',  long.  15°40'  E. 

0  metres  10°.7  C. 

18  8°.  I    - 

37      —        5°.7    - 

73  4°.5    - 

110  5°.l    - 

146  5°.8    - 

183  5°.9    - 

366      —        6°.4    - 

649  6°.5    - 

624      —        6°.5    - 


Besides  the  temperature  measurements  in  summer  taken  by  the 
North  Ocean  Expedition  and  the  "Hansteen",  we  have  also  the  obser- 
vations of  dr.  HJORT  from  the  summer  and  autumn  1896  (see  hydro- 
graphical  tables  A.  II.).  The  latter  show  a  temperature  of  6 — 7°  at 
a  depth  of  200  in.,  with  a  saltness  of  about  35  %o.  The  35  pro 
millf  water  rises  in  the  summer  to  a  height  of  about  40  metres 
from  tlir  surface.  As  a  remainder  of  the  winter  cold,  a  tempera- 
ture minimum  is  found  at  a  certain  depth  in  this  layer  with  a  hidi 
degree  of  saltness.  From  the  observations  of  dr.  HJORT  appears 
further  that  the  35-curve  in  the  course  of  the  autumn  is  again 
lowered,  while  the  summer  heat  has  spread  down-wards,  so  tliat 
the  deep  layers  late  in  the  autumn  are  warmer  than  at  any  othrr 
season. 

The  temperature  changes  of  the  seasons  take  a  somewhat 
different  course  on  the  banks  and  in  the  open  sea  from  what  they 
do  in  the  fjords.  For  the  Vest-fjord,  in  my  opinion,  the  account 
that  has  been  given  for  Lodingen  is  upon  the  whole  correct.  In 
professor  HELLAND'S  work  "Lofoten  og  Vesteraalen"  the  physical 
condition  of  the  Lofoten  sea  in  winter  is  thus  characterized  (p.  117): 

"A.  The  35-  and  34-curves  are  lowered  still  more  down  than 
in  the  autumn. 

B.  The  temperature  at  a  considerable  depth  (about  200  m.) 
is  as  a  rule  6°.5,  sometimes  7°.  Hence  it  decreases  towards  the 
surface.  The  degrees  of  warmth  in  the  different  years  undergo 
great  changes  according  as  greater  masses  of  colder  or  fresher 
water  form  a  layer  above  the  6° — 7°  water.  Therefore,  the  surface 
temperature  in  February— March  varies  from  5°  to  0°,  of  which 
numerous  instances  are  given  by  temperature  measurements  under- 
taken in  Lofoten." 

Tins  description  of  the  winter  condition  in  its  general  features 
is  sufficiently  supported  by  observations. 

When  in  the  following  I  am  going  to  treat  of  certain  details 
of  the  Lofoten  hydrography,  I  shall  especially  have  in  view  the 
condition  of  the  sea  during  the  first  months  of  the  year,  that  is 
during  the  time  that  the  great  cod  fisheries  take  place. 

From  my  tables  it  will  appear  that  in  the  two  winters  1896  — 
97  there  was  in  the  West-fjord  at  a  depth  of  200  m.  a  tempe- 
rature of  6° — 7°  C.  In  most  cases  6°  were  already  reached  at 
150  m.,  wlien  the  temperature  has  been  6°  or  more,  the  saltness 
has  been  greater  than  34.5  %0.  At  200  m.  the  saltness  very 
much  approached  to  35  %0.  At  the  mouth  of  the  Tjeldsund  I 
thus  found  (24  Feb.  97,  no.  486)  34.96  %o  at  200  m.,  temperature 
being  6°.2.  In  the  Ofoten-fjord  (24  Feb.  97,  no.  489)  I  measured 
at  300  in.  a  temperature  of  6°. I,  the  saltness  being  afterwards 
determined  at  35.02  %o-  From  the  surface  to  at  least  100  m. 
the  temperature  kept  at  2°,  saltness  varying  from  33.54  to  33.61 
%0;  the  6th  degree  being  reached  at  150  m.  This  leads  to  two 
essential  conclusions,  viz.  that  the  ocean  water  exists  even  in  the 
deep  of  the  inner  fjords  in  winter,  and  that  the  cold  fjord-water 
may  have  a  considerable  volume.  This  circumstance  is  no  doubt  of 
great  importance  in  regulating  the  temperature  on  the  Lofoten 
banks,  as  during  continuous  land-wind  the  fresher  and  colder  water 
is  pressed  out,  from  the  fjords  of  the  continent,  and  into  the  Vest 
fjord,  whereby  the  temperature  on  the  banks  is  lowered.  That 
sea-winds  have  the  opposite  effect  may  be  concluded  a  priori,  and 
has  several  times  been  proved  by  experience. 


Towards  the  mouth  of  the  Vest-fjord  and  on  the  outer  banks, 
no  such  sharp  distinction  will  be  found  between  a  colder  layer  and 
a  warmer  one  as  was  the  case  in  the  Ofoten-fjord,  and  has  been 
proved  several  times  to  exist  in  the  Vest-fjord,  especially  in 
East  Lofoten.  I  have  at  wintertime  on  the  outer  Lofoten  banks 
found  that  the  water  layers  are  very  homogeneous.  Most  clearly 
this  appeared  at  the  measurements  on  the  outside  of  Vesteraalen 
at  the  beginning  of  February  1897.  Thus  at  one  place,  situated 
in  lat.  68°50'  N.,  long.  14°36'.5  E.,  the  temperature  was  found 
(8  Feb.  97)  to  be  about  4°  C.  from  surface  to  bottom  (110  m.), 
and  saltness  to  be  b3°.80  %0  (no.  472).  Likewise  was  measured 
(10  Feb.)  in  lat.  68°51'.25,  long.  14°3l'  E.,  a  temperature  of  3°.9 
— 4°.35  C.,  respectively  at  surface  and  bottom  (170  m.);  further  it 
will  be  seen  that  this  layer  had  a  saltness  of  33.92  %0,  from  bot- 
tom to  a  few  metres  below  surface  (no.  473).  To  such  a  thorough 
mixture  scarcely  any  parallel  will  be  found  in  any  of  the  fjordst 
By  observations  at  the  outer  and  inner  sides  of  Heist,  it  also 
appeared  that  a  rather  perfect  mixture  was  completed.  Thus  I 
found  (28  April  1897)  at  4V3  miles  NW.  of  Rost  a  temperature 
of  4°.6  C.  from  surface  to  100  m.,  and  at  the  bottom  (140  m.) 
5°  C.,  saltness  varying  between  34.11 — 34.67  %0,  respectively  at 
surface  and  bottom  (no.  538).  On  May  1st  the  same  year,  4°.5 
was  measured  in  0 — 100  m.,  the  saltness  being  throughout  the 
whole  layer  34.18  %0.  At  150  m.  a  temperature  of  4°. 7  was 
observed,  saltness  34.30  (no.  539).  That  the  above  figures  were 
nothing  particular  for  the  year  1897,  is  shown  by  measurements 
on  the  outer  banks  in  the  previous  year.  In  one  place  (lat.  67° 
47'. 5,  long.  il°42'  E.)  on  April  4the  rise  of  the  temperature,  in  from 
0 — 150  m.,  was  5°— 6°.55,  and  the  increase  in  saltness  34.38 — 35.09 
(no.  193).  At  the  latter  place  the  ocean  water  was  thus  found  at 
a  depth  of  150  m.,  but  the  overlying  water  layer  presented  gradual 
transitions  to  the  35  pro  mille  water.  When  the  sections  off  Vigten 
and  Kristiansund  are  considered,  a  similar  condition  will  be  seen 
to  exist  there.  Generally  speaking,  it  is  characteristic  of  the  winter 
condition  on  the  Norwegian  coast  banks  that  the  33  pro  mille  water 
gradually  mixes  with  that  of  34,  and  the  latter  again  with  scarcely 
noticeable  intervals  mixes  with  that  of  35.  The  isohalines  for  the 
three  grades  of  saltness  are  gradually  raised  in  proportion  to  the 
distance  from  the  coast  line,  reaching  the  surface  in  the  order  of 
their  numbers. 

From  my  measurements  of  1896  —  97  will  be  seen  that  the 
water  that  in  winter  has  the  greatest  vertical  extent  on  the  inner 
fishing  banks  of  Lofoten,  has  a  saltness  of  between  33  and  34 
pro  mille.  The  temperature  of  this  layer  varies  between  0°  and 
5°  C.  It  will  as  a  rule  be  found  that  when  temperature  has  be- 
come 5°,  the  34  pro  mille  are  also  exceeded.  In  my  opinion,  this 
water  (33 — 34  %o)  on  large  stretches  of  the  inner  banks  usually 
reaches  the  bottom.  It  rests  upon  a  layer  of  34 — 35  %o  with 
temperature  of  5° — 7°  C.  Water  of  oceanic  saltness  (35  %0  or 
more)  does  not  in  winter  as  a  rule  reach  up  upon  the  fishing  banks 
in  Lofoten,  but  is  depressed  to  the  deep  trough  of  the  fjord.  No. 
513  shows  at  270  m.  temp.  5°.4,  saltness  34.96  %o,  and,  as  men- 
tioned above,  in  the  Ofoten-fjord  I  measured  (Feb.  24th  1897) 
at  300  m.  temp.  6°.l  C.,  saltness  35.02  %0.  During  my  tem- 
perature measurements  in  East  Lofoten  my  attention  was  rather 


soon  drawn  to  a  sharp  limit  that  often  appeared  between  a  colder 
layer  and  a  warmer  one.  My  measurements  on  Feb.  24th  and 
25th  1897  in  the  Ofoten-fjord  (nos.  489,  490)  show  that  the 
limit  there  is  still  more  prominent.  No.  489  shows  a  great  homo- 
geneity in  the  layer  of  0 — 100  m.,  and  at  the  next  station  (nearer 
to  where  the  Ofoten-fjord  opens  into  the  Vest-fjord)  the  tempe- 
rature variation  in  0 — 120  m.  is  only  2°.0 — 2°.8  C.,  and  the  varia- 
tion in  saltness  33.54—33.73  %0-  At  150  m.,  however,  6°.0  C. 
and  34.96  %o  are  found.  There  is  little  reason  to  believe  that 
the  Ofoten-fjord  differs  from  the  other  fjords  that  open  out  into 
the  Vest-fjord;  in  other  words  these  fjords  contain  a  storage  of 
cold  water  sufficient  to  make  itself  perceptible,  especially  in  the  East 
Lofoten  fishing  sea.  It  is  also  in  East  Lofoten  that  the  measure- 
ments have  shown  the  lowest  temperatures  in  the  surface  layers. 
According  to  my  experience,  the  surface  temperature  rises  on  the 
banks  in  a  westerly  direction,  which  also  appears  from  the  measu- 
rements of  captain  GADE  in  1891 — 92.  If  to  this  we  add  the 
circumstance  that  in  West  Lofoten  the  boundary  between  the  colder 
layer  and  the  warmer  one  is  more  indistinct,  these  phenomena  must 
be  explained  as  the  result  of  a  more  advanced  process  of  mixture, 
which  is  most  complete  in  the  surface  layers  of  the  outer  banks. 
It  might  then  seem  likely  that  the  winds  are  of  great  importance 
as  to  the  regulating  of  temperature  on  the  Lofoten  banks,  and  the 
influence  of  the  winds  might  plainly  be  expressed  thus:  prevailing 
land  winds  drive  the  cold  fjord  water  out  upon  the  inner  banks, 
while  sea  winds  press  the  warmer  water  of  the  outer  banks  inwards 
towards  Lofoten.  The  measurements  of  Mr.  GADE  in  1892  seem 
to  me  to  give  a  characteristic  instance  of  the  inward  movement  of 
the  outer  bank-water.  In  the  most  westerly  part  of  Lofoten  Mr. 
GADE  measured  in  January  5°  at  the  surface  in  several  places,  and, 
supporting  myself  on  my  own  observations,  I  suppose  that  the 
surface  saltness  has  been  above  34  pro  mille.  Already  at  a  depth 
of  110 — 140  m.  a  temperature  was  reached  in  certain  places  of 
7°  C.,  to  which  has  evidently  corresponded  water  of  oceanic  salt- 
ness.  This  must  be  said  to  be  exceptional,  and  it  would  be  of 
great  interest  to  know  the  working  causes.  Also  in  East  Lofoten 
the  7  degrees  water  had  in  A892  a  high  level.  Thus  it  may  be 
noticed  that  on  the  edge  south  of  Skraaven  (GADE'S  station  III) 
7°  was  measured  at  a  depht  of  110 — 140  m.  in  the  course  of  Feb. 
and  beginning  of  March.  In  March  a  small  lowering  occurred,  so 
the  bottom  layer  on  the  28th  had  the  temperature  of  6°.7,  to  which, 
according  to  my  observations,  a  saltness  between  34.5 — 35.0  %o 
was  to  correspond.  Mr.  GADE,  in  his  report  to  the  government, 
mentions  southerly  winds  causing  currents  to  which  certain  temper- 
ature changes  were  attributed.  It  is  however  difficult  to  decide 
whether  these  southerly  winds  alone  suffice  to  explain  the  excep- 
tional condition  of  temperature  in  Lofoten  during  the  winter  of  189 2. 
Mr.  MOHN  says  (1.  c.,  p.  96)  that  in  winter  the  surface  tempera- 
ture is  lowest  near  land,  and  increases  further  out  towards  the  sea, 
as  well  as  down  towards  the  deep.  At  the  same  place  (p.  97)  the 
cause  of  this  is  clearly  stated:  "The  temperature  of  the  air  at 
that  season  (winter)  being  lower  than  the  temperature  of  the  sea 
surface,  and  lower  over  the  land  than  over  the  sea,  we  must  ob- 
viously seek  in  the  cold  air  over  the  land  for  the  cause  of  so  remark- 
able a  distribution  of  the  sea's  temperature  on  the  coast  during 
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the  winter."  That  the  surface  temperature  in  winter,  at  harbours 
or  close  to  land  generally,  is  lower  than  further  out,  has  constantly 
been  confirmed  by  experience.  Even  though  the  land  be  a  com- 
paratively small  island,  it  has  proved  to  be  the  case.  Thus  on 
March  13th  1896  the  surface  temperature  in  the  Rdstnes-Vaag 
(Vert)  was  2°.2  C.,  while  about  3  miles  off  land  I  measured  3°.4  C. 
As  a  rale,  the  saltness  too  is  least  near  the  land.  I  will  give  a 
few  instances  chosen  at  random: 

February  25th  1897. 

Liland  harbour,  Ofoten-fjord  .     t  0°.8  C.,  s.  33.06  %o 

Out  at  sea,  off  Liland 1°.6  -     -  33.30  - 

At  mouth  of  Ofoten-fjord -    2°.4  -      -  33.30  - 

March  18th— 19th  1897. 
Section  across  the  Vest-fjord  (Groto— Svolvser). 

At  Gr6to t.  1°.2  C.,  s.  33.73  %o 

Six  miles  off  Gr6t6 -    2°.7    -     -  33.91  - 

In  the  middle  of  the  Vest-fjord -    2°.8    -      -   33.96  - 

Hola,  near  Svolvser -    2°.2    -     -  33.84  - 

Thus  it  seems  to  be  a  rule  that  in  winter  temperature  as  well 
as  saltness  is  highest  along  the  middle  of  the  fjord,  a  lowering 
taking  place  to  either  side.  I  have  before  mentioned  that  the  water 
layers  on  the  outer  banks  show  a  greater  homogenousness  in  tempe- 
rature and  saltness  than  in  the  fjords  and  on  the  inner  banks. 
Thus  it  has  also  been  shown  that  in  the  harbours  of  the  outer 
side  of  Vesteraalen  the  water  is  exactly  of  the  same  saltness  as 
further  out,  while  however  the  temperature  is  somewhat  lower  on 
account  of  the  coldness  of  the  land. 

In  a  paper  in  the  transactions  of  the  Kristiania  Videnskabs- 
selskab  for  1873.  professor  MOHN  has  discussed  the  effect  of  cur- 
rents on  the  temperatures  of  the  water  and  the  air. 

Mr.  MOHN  here  emphasizes  as  the  result  of  his  own  observa- 
tions that  the  surface  temperature  in  the  streaming  water  of  narrow 
channels  is  in  summer  lower  than  at  neighbouring  places  where 
the  waters  are  wider.  It  is  also  suggested  that  in  winter  the  sur- 
face of  streaming  water  is  somewhat  warmer  than  in  places  where 
the  water  is  at  rest,  but  that  the  difference  is  likely  to  be  small. 
The  author  alleges  many  illustrating  instances  that  the  difference 
mentioned  can  be  quite  considerable,  even  as  much  as  3°  C.  The 
phenomenon  is,  according  to  Mr.  MOHN.  explained  thereby  that  the 
colder  water,  on  account  of  the  streaming  motion,  is  drawn  up  to 
the  surface. 

During  my  expedition  in  1896,  I  made  a  few  observations 
supporting  Mr.  MOH.N'S  theory  about  the  winter  temperature  in 
streams.  Feb.  14th  1896  I  measured  off  Kvarven  near  Bergen 
3°  in  the  surface,  in  the  VatlestrSm  south  of  Bergen  5°.4,  further 
down  in  Vatlestrdmmen  5°,  and  in  the  Kors-fjord  on  the  same 
day  4°.5  C.  In  the  well  known  Mosken-strom  that  runs  between 
Lofotodden  and  Vser6,  I  have  also  perceived  a  small  difference 
of  temperature  between  the  surface  of  the  stream  and  the  sur- 
rounding open  sea  (see  hydr.  tables  no.  202 — 205.).  With  a 
little  increase  of  temperature  also  follows  a  corresponding  small 
increase  of  saltness.  It  is  obvious  that  the  increase  of  tempera- 
ture in  streams  in  winter  is  rather  slight,  just  because  the  increase 
in  temperature  is  quite  trifling  in  the  upper  water  layers. 


The  local  conditions  of  the  Lofoten  streams  are  of  no  small 
importance  during  the  fishing,  as  a  strong  current  is  a  hindrance 
to  the  use  of  the  fishing  tackle.  The  current  caused  by  the  tiile 
is  very  much  differing  in  strength,  and  there  are  great  irregulari- 
ties in  its  direction.  It  often  happens  that  the  direction  of  the 
current  near  the  Lofoten  islands  is  quite  opposite  to  what  it  is 
farther  up  the  Vest-fjord.  Tims  for  instance  on  March  26th  1896 
I  observed,  8  miles  off  Reine,  a  sharp  boundary  between  a  south- 
westerly current  and  an  easterly  one,  the  former  of  which  was 
nearest  to  Lofoten.  That  this  was  no  mere  chance  is  proved  by 
some  statements  I  received  from  captain  A.  SORENSEN  of  observations 
taken  at  Reine  in  April  of  the  same  year: 
April  6th  and  7th  at  10  a.m.  the  current  ran  westwards  about  8 

miles  off  Reine,  wind  being  S\V. 
April  8th,   12  noon,  wind  N\V,  near  Lofoten  an  easterly  current, 

8  miles  off  Reine  a  westerly  current. 
April   9th,   at  2  p.m.,   wind  SE,   near  Lofoten   easterly  current.   6 

miles  off  Reine  westerly  current. 
April  10th,   2  p.m.,   wind  SW,   current  conditions  the  same  as  on 

the  previous  day  at  2  p.m. 
April  llth,  4p.m.,  wind  NE,  the  current  nearest  Lofoten  easterly, 

and  about  8  miles  off  it  was  westerly. 

This  at  any  rate  shows  that  the  direction  of  the  current  close 
to  the  islands  and  farther  up  the  Vest-fjord  may  differ  for  several 
consecutive  days.  It  is  most  likely  that  this  is  the  rule.  My 
measurements  on  March  26th  1896  showed  different  surface  tempera- 
tures at  the  two  sides  of  the  boundary  of  the  currents,  the  tempera- 
ture of  the  east-running  current  being  3°.6,  and  of  the  west- 
running  one  3°.2  C.  In  saltness  too  there  was  a  small  difference 
(see  hydr.  tables,  no.  219,  220). 

I  cannot  well  leave  the  present  chapter  without  once  more 
mentioning  the  much  debated  question  of  the  dependence  of  the 
fishing  upon  the  temperature  of  the  sea. 

From  what  has  been  said  above  it  will  have  appeared  that 
the  temperature  measurements  of  the  first  years  seemed  to  lead  to 
the  conclusion  that  the  use  of  the  thermometer  might  be  of  practical 
service  to  the  fisherman.  It  is  however  quite  a  common  thing  that 
at  first  too  much  importance  is  attached  to  the  bearing  of  scientific 
discoveries  upon  practical  life.  People  will  see  assistance  and  impro- 
vement where  such  are  really  not  at  hand.  I  therefore  think  that  no 
great  importance  can  be  attached  to  the  few  statements  we  have  from 
fishermen  about  the  help  obtained  from  the  thermometer  in  their 
work.  Nor  can  it  be  denied  that  5  degrees  as  the  best  tempera- 
ture for  fishing  has  been  made  doubtful  by  the  investigations  of 
recent  years.  Mr.  GADE,  as  before  mentioned,  found  that  good 
fishing  was  carried  on  in  water  of  4°,  6°,  6°,  7°  C.,  and  I  have 
ascertained  that  about  the  middle  of  March  1897  there  was  good 
fishing  on  the  banks  from  Henningsvser  to  Balstad  in  water  of  3 
degrees.  In  the  month  of  March,  when  the  chief  fishing  takes 
place,  the  thermometer  can  consequently  be  of  no  guidance  to  the 
fisherman  because  the  scope  is  too  great  (3 — 7°  C.). 

A  little  cod-fishing  I  have  also  seen  going  on  in  water  of  2 
degrees  (Ostnes-fjord). 

The  fishermen  state  as  a  common  experience  that  the  cod  at 
the  beginning  of  the  season  most  often  keeps  to  the  fjord  edge  in 
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rather  deep  water.  The  reason  is  supposed  to  be  that  the  fish 
does  not  like  to  enter  up  into  the  colder  water  ;'on  the  hanks. 
There  may  be  something  true  in  this,  but  it  is  also  possible  |that 
the  stay  of  the  fish  on  the  edge  for  some  time  before  spawning  is 
caused  by  the  circumstance  that  most  food  is  found  there.  It  has 
been  supposed  that  the  cod  during  the  spawning  time  eats  next  to 
nothing.  It  is  certainly  true  that  a  great  number  of  the  stomachs 
examined  have  been  empty  and  contracted,  but  this  may  as 
much  be  caused  by  want  of  food  as  by  want  of  appetite.  Several 
circumstances,  however,  bear  evidence  that  the  cod  eats  even 
close  before  spawning,  and  it  is  therefore  likely  that  it  stays 
where  most  food  animals  are  found,  i.  e.  on  the  edge.  When 
the  spawning  time  approaches,  the  fish  goes  up  on  the  banks 
to  shed  its  roe  and  milt;  it  is  then  of  course  caught  in  more 
shallow  water.  That  temperature  has  any  essential  influence  on 
the  migration  from  the  edge  to  the  spawning  grounds,  I  do  not 
think  can  be  maintained,  after  the  observations  hitherto  made. 
From  the  reports  of  the  supervision  chiefs  it  is  clear  that  in  some 
years  large  shoals  of  cod,  already  at  the  beginning  of  the  fishing 
season,  migrate  into  fjords  and  bays,  where  the  fishing  then  takes 
place  in  comparatively  shallow  water.  At  the  same  time  the  exi- 
stence is  reported  of  some  "aate",  e.  g.  herrings  or  cuttlefish,  and 
it  seems  undoubtful  that  the  disturbance  in  the  normal  migration 
of  the  cod  is  caused  by  this  "aate".  But  this  also  proves  that 
food  is  of  as  much  importance  as  temperature.  Nor  have  we 
hitherto  any  observations  to  support  the  idea  that  the  presence  of 
"aate"  in  this  case  is  owed  to  exceptional  physical  conditions  of 
the  upper  layers;  on  the  contrary  the  few  temperature  observations 
we  have  from  such  years  do  not  at  any  rate  testify  to  anything 
unusual. 

At  the  present  standing  of  the  investigations,  the  opinion  seems 
therefore  most  reasonable  that  the  temperature  of  the  water  exer- 
cises little  influence  on  the  fishing  in  Lofoten.  The  year  1892  for 
instance  gave  a  moderate  produce,  notwithstanding  that  the  5 
degrees  curve  lay  high  up  in  the  water. 

Dr.  N.  KNIPOWITSCH*)  has  published  a  list  of  fishes  existing 
in  the  Murrnan  Sea  and  the  White  Sea.  According  to  this  author 
the  cod  is  very  general  in  the  White  Sea:  "Am  haufigsten  im 
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Golfe  von  Kandalakscha,  NW-Theil  des  Weissen  Meeres."  Great 
quantities  occur  at  the  Murman  coast,  where  it  is  the  object  of 
large  fisheries.  The  most  easterly  place  on  the  said  coast  where 
cod-fishing  is  carried  on  on  a  large  scale  is  Wostotschnaja  Liza 
(KNIPOWITSCH).  Thus,  generally  speaking,  it  may  be  said  that  the 
White  Sea  forms  the  limit  of  the  extension  of  the  cod  to  the  East. 
This  is  certainly  not  accidental.  Mr.  KNIPOWITSCH  (1.  c.,  p.  155) 
notes  the  Murman  coast  as  belonging  to  the  warm  area.  The 
bottom  temperature  is  nearly  without  exception  above  0°  C.  during 
the  warm  season ;  there  is  little  formation  of  ice  in  winter,  and  no 
drift  ice.  In  the  White  Sea  the  summer  temperatures  in  the  upper 
layers  are  rather  high,  but  during  the  long  winter  large  masses  of 
drift  ice  exist,  and  in  the  deeper  layers  the  temperature  in  certain 
places  is  all  the  year  round  below  0°  C.  To  the  east  of  the 
White  Sea  the  bottom  temperature,  even  in  the  warmest  months 
of  the  year,  is  below  0°  C.,  and  during  the  greater  part  of  the 
year  drift  ice  occurs  in  great  masses.  Temperature  thus  puts  a 
limit  to  the  horizontal  distribution  of  the  cod;  it  is  exclusively 
confined  to  the  warm  area;  the  0-point  is  not  exceeded. 

If  this  is  applied  directly  on  the  conditions  in  Lofoten,  it  may 
at  once  be  noted  that  the  temperature  on  the  usual  fishing  banks 
is  never  0°,  but  as  a  rule  2—5  degrees  above  zero.  So  far,  the 
temperature  of  the  water  should  never  be  a  hindrance  to  the  fishing. 
Such  a  conclusion,  however,  must  be  made  with  a  great  deal  of 
reserve.  Allowing  it  to  be  it  a  fact  that  0°  C.  is  the  lower  limit 
to  the  accomodating  power  of  the  species,  we  dare  not  directly 
conclude  that  individuals  usually  living  in  water  of  4° — 6°  C.  would 
volunteer  up  into  water  the  temperature  of  which  greatly  approaches 
the  boundary  that  puts  a  limit  to  the  horizontal  distribution  of  the 
species.  I  do  not  think,  however,  that  between  the  migrations  of 
the  cod  and  the  physical  conditions  of  the  water  layers  exists  that 
close  connection  that  the  investigations  of  recent  years  have  ascer- 
tained in  the  case  of  the  herring.  An  abundant  occurrence  of  food 
animals  certainly  contributes  far  more  to  keeping  the  cod  gathered 
in  one  place  than  the  circumstance  that  the  water  is  5°  C.  Nor  • 
is  it  improbable  that  fluctuations  in  the  fishing,  partly  at  any  rate, 
may  be  ascribed  to  changes  in  the  amount  of  lower  animals  gathered 
on  the  banks.  Bottom  trawling  in  one  and  the  same  place,  one 
year  after  another,  has  produced  facts  indicating  that  the  fauna  in 
some  degree  changes  character.  Our  knowledge  of  these  things, 
however,  is  very  deficient. 


C,    Biological  Investigations, 

a.     Observations  concerning  fishes,   especially  cod  (Gadu*  cailarias,  Linn.). 


ZOOLOGICAL  investigations  of  the  sea  for  a  practical  purpose 
Z^.  may  be  said  to  date,  in  the  case  of  our  country  from  the 
year  1864,  when  professor  GEOBG  OSSIAN  SABS  started  his  obser- 
vations during  the  Lofoten  fisheries.  Already  the  following  year 
SAKS  made  a  discovery  greatly  calculated  to  create  a  sensation, 
when  he  proved  that  the  spawn  of  the  cod  floats  and  goes  through 
its  development  in  the  open  sea.  Because  however  the  result  was 
only  published  in  the  Norwegian  language,  this  discovery  did  not 
attract  the  attention  it  deserved.  In  the  years  1864 — 70  Mr.  SARS 
was  engaged  in  studies  of  the  development  of  the  cod-fry  and  other 
circumstances  relating  to  the  natural  history  of  the  cod,  the  chief  results 
for  each  year  being  published  in  reports  to  the  home  department. 
Mr.  SABS  divided  the  Lofoten  fisheries  in  three  phases,  the 
immigration  of  the  shoals  on  to  the  banks,  the  spawning  period, 
and  the  emigration.  The  immigration  may  be  said  to  commence 
with  the  month  of  January,  and  lasts  to  the  middle  of  March, 
which  is  the  actual  spawning  month  for  the  masses  of  cod  that 
migrate  to  Lofoten.  The  fishing  that  goes  on  in  the  month  of 
April  may  be  generally  said  to  depend  on  the  outgoing  shoals. 
That  the  main  mass  of  the  cod  spawn  in  March  is  certainly  the 
rule,  but  this  does  not  prevent  the  occurrence  in  the  sea  of  cod- 
spawn  at  the  end  of  February,  which  SABS  emphasizes,  and  which 
I  have  had  opportunities  of  confirming.  Further  it  may  also  be 
mentioned  in  this  connection  that  I  have  seen  female  cods  having 
filled  roe-bags  at  the  beginning  of  May,  though  this  is  only  excep- 
tional. In  the  year  1865  SABS  undertook  artificial  fecundation  of 
cod.  After  8  days  the  fetus  could  distinctly  be  seen,  and  in  the 
course  of  18  days  the  development  of  the  embryo  was  finished. 
The  experiments  showed  that  only  the  roe  that  allowed  of  being 
pressed  out  of  the  fish  by  a  gentle  pressure,  was  fit  for  fecundation. 
Likewise  it  was  proved  that  even  roe  of  recently  died  fish  retained 
the  power  of  germination,  and  that  roc  having  reached  a  certain 
stage  of  development  was  little  susceptible  of  outward  influences. 
Even  if  the  sea  water  was  considerably  deteriorated,  and  the  egg 
covered  with  fungoids,  the  development  went  on  rather  undisturbed. 
Even  the  recently  slipped  young  ones  could  stand  deteriorated 
water,  but  herein  an  immediate  change  occurred  the  moment 
the  yolk-sac  was  absorbed.  When  the  gill-splits  were  formed 


the  young  did  not  all  survive  coming  into  deteriorated  wat.-r. 
Concerning  the  spawning  itself,  SABS  remarks  that  the  females 
stand  at  a  higher  level  in  the  sea  than  the  males,  which  depended 
on  the  circumstance  that  both  roe  aud  milt  rose  to  the  surface 
after  being  shed.  Also,  the  micropyle  through  which  the  fecunda- 
tion was  performed  turned  downwards,  and  the  development  of  the 
embryo  took  place  at  the  lower  pole.  In  the  winter  of  1865  SABS 
also  proved  that  the  haddock,  as  well  as  other  specius,  shed  floating 
spawn,  and  during  a  voyage  in  the  following  summer  the  mackerel 
too  (scomber  scombrus)  was  registered  on  the  list  of  fishes  whose 
spawn  shares  the  fate  of  the  plancton. 

Throughout  the  years  1866 — 70  SABS  applied  himself  with  great 
vigour  to  the  study  of  the  biology  of  the  cod,  and  his  efforts  were 
crowned  with  success.  At  the  end  of  May  1866  he  found  that  a 
great  deal  of  cod  fry  had  migrated  into  the  bays  and  sounds  on 
the  east  side  of  Skraaven.  The  length  was  then  (May  20th)  7 — 8 
mm.,  and  they  were  swimming  about  in  the  surface  of  the  water; 
the  stomach  contents  were  found  to  consist  chiefly  of  calanides. 
About  the  12th  of  June  the  plancton  was  very  abundant,  and  the 
tiny  fry  were  swimming  vividly  about,  snapping  after  the  small 
species  of  calanus.  The  largest  specimen  then  had  the  length  of 
24  mm.  Gradually  the  embryonal  fin  began  dissolving  into  the 
dorsal  and  ventral  fins,  and  in  the  largest  individuals  there  were 
signs  of  the  barbal  thread  in  the  form  of  a  small  knot  at  the 
point  of  the  lower  jaw.  A  period  of  bad  weather  for  some  time 
prevented  the  investigations,  and  when  fair  weather  returned  (June 
23rd)  it  was  only  exceptional  that  cod  fry  was  to  be  seen.  After 
searching  in  vain  for  several  days,  Mr.  SABS  (5th  July)  at  the 
fishing  station  of  Brettesnes  became  aware  of  a  very  young  fish 
jotting  out  from  under  a  jelly-fish  (cyanea  capillata).  It  proved  to 
be  a  young  cod,  and  by  examining  a  greater  number  of  jelly-fishes 
he  found  a  great  deal  of  young  cods  as  well  as  haddocks.  From 
under  the  disk  of  cyanea,  as  well  as  aurelia,  young  cods  were 
frequently  taken,  the  largest  being  about  40  mm.  long  and  having 
5 — 6  dark  crossbands.  In  the  stomach  were  found  specimens  of 
an  amphipod  (hyperia),  which  leads  a  parasitical  existence  on  the 
jelly-fishes.  This  circumstance  seemed  to  suggest  a  reciprocal  use- 
fulness of  the  young  fish  and  the  jelly-fishes. 
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The  following  year,  1867,  young  cods  were  also  observed  under 
the  jelly-fishes  towards  the  end  of  July.  By  later  examining  the 
stomach  contents  of  large  green-cods,  these  fishes  proved  brimful 
of  fry  both  of  cod  and  green  cod,  but  the  contents  were  generally 
so  dissolved,  that  a  careful  examination  could  not  be  undertaken. 
The  young  cods,  however,  thus  obtained,  were  found  to  be  larger 
than  those  that  sought  the  protecting  company  of  the  jelly-fishes. 
The  matter  was  now  to  seek  for  the  haunts  of  the  green  cod;  for 
where  this  fish  stayed  its  food  must  also  exist,  and  the  latter,  as 
already  mentioned,  consisted  chiefly  of  young  cods.  As  a  curiosity 
may  be  mentioned  that  a  live  young  cod,  80  mm.  long,  was  taken 
from  the  stomach  of  a  green  cod. 

During  the  continued  pursuit  of  the  young  cods,  SABS  discov- 
ered (August  3rd)  that  a  whole  lot  of  them  had  taken  refuge  among 
floating  bits  of  sea-weed  and  other  objects  driven  together  by  the 
current.  He  succeeded  in  catching  some  of  them.  The  length  was 
50—60  mm.,  with  a  fine  colouring,  a  developed  barbal  thread,  and 
with  the  fins  arranged  as  in  the  grown-up  individuals.  On  August 
23rd  a  rich  catch  was  made  of  young  cods,  which  now  swarmed 
along  the  shore.  The  stomach  contents  consisted  of  Crustacea,  as 
gammarus  loeusta,  annelides,  &c.  It  further  came  to  be  seen  that 
in  the  course  of  September  young  cods  were  found  at  different 
places  along  the  shore,  but  the  length  of  these  continually  kept  at 
60 — 70  mm.  As  there  was  no  reason  to  believe  that  at  that  period 
there  should  be  any  hindrance  to  the  growth,  because  in  the  belt 
of  sea-weed  there  was  sufficient  food,  SABS  formed  the  opinion  that 
it  then  was  a  period  of  immigration  to.  and  an  emigration  from, 
the  littoral  region,  which  consequently  only  served  as  a  temporary 
staying  ground  for  the  young  cods.  As  the  spawning  does  not 
occur  contemporaneously,  the  migration  to  the  sea-weed  belt  will 
be  extended  over  a  period  that  depends  on  the  lasting  of  the 
spawning  time. 

By  fishing  experiments  at  the  beginning  of  October,  the  older 
young  cods  (120 — 130  mm.)  were  found  at  a  greater  depth,  and 
their  age  was  put  at  about  7  months.  In  the  following  year,  1868, 
SABS  caught  at  the  beginning  of  December  young  cod  whose  size 
varied  between  150 — 200mm..  at  the  depth  of  8 — 12  fathoms,  near 
Skraaven.  These  had  their  stomachs  brimful  of  sea  animals  of 
different  kinds,  chiefly  Crustacea,  as  shrimps,  crabs,  and  amphipodes. 
In  the  colouring  there  was  great  variation,  even  the  form  of  the 
body  was  subject  to  considerable  changes.  Two  principal  types, 
however,  could  be  distinguished,  one  thick  and  short,  reddish  form, 
comprising  the  individuals  that  had  stayed  on  see-weed  bottom, 
whose  rich  fauna  of  Crustacea  served  it  for  food,  and  a  greenish 
or  greyish  form,  distinguished  by  a  more  slender  structure  of  the 
body.  These  latter  ones  had  chiefly  stayed  on  sandy  bottom, 
the  animal  life  of  which  is  poorer.  In  the  stomachs  of  such  individuals 
were  also  found  different  Crustacea  and  young  fishfrogs  (coitus 
scorpius).  By  setting  out  a  sink-line  near  sea-weed  grounds  at 
some  distance  from  the  shore,  SABS  caught  a  lot  of  small  cods,  of 
the  length  of  about  1  foot  (314  mm.).  A  few  larger  individuals 
also  occurred,  whose  age  was  put  at  2  years. 

Mr.  SABS,  by  careful  examinations,  formed  the  opinion  that 
the  main  mass  of  the  young  cods  that  live  during  spring  and  autumn 
•on  the  sea-weed  ground  is  made  up  of  last  year's  fry.  That  the 


sea-weed  cod  in  Lofoten  is  the  fry  of  the  ocean  cod  seems  to  be 
quite  certain  from  the  investigations  of  SABS.  There  further  occurs 
in  Lofoten,  especially  at  the  beginning  of  the  fishing,  a  cod-form 
called  "opsigfisk"  or  "egfisk".  It  is  thus  described:  "The  form 
of  the  body  is  thicker  and  more  clumsy  than  in  the  ocean  cod 
proper;  the  head  is  not  so  pointed,  the  back  of  the  neck  is  com- 
paratively broader,  the  predominating  colour  has  a  distinct  brownish- 
yellowish  tinge,  the  dark  spots  were  more  numerous  and  reached 
farther  down  the  sides  than  in  the  ocean  cod,  the  teeth  were  also 
considerably  smaller  and  fewer  in  number."  It  is  further  remarked 
that  the  "opsigfisk"  consists  of  sexually  ripe  individuals.  By  very 
careful  comparisons,  SABS  found  that  transition  forms  existed  between 
the  two;  that  none  of  the  special  distinguishing  marks  of  the  "op- 
sigfisk" could  be  considered  as  constant,  and  that  the  existing 
difference  must  be  considered  as  derived  from  accidental  circumstances, 
as  food  and  staying  ground.  SABS  has  stated  the  opsigfisk  to  be 
the  stationary  cod  form  of  Lofoten,  and  this  is  no  doubt  correct. 
It  would  not  agree  with  the  tendency  of  nature  to  utilize  space  if 
all  the  fry  developed  in  Lofoten  should  emigrate  to  the  ocean  banks 
and  the  edge.  Nor  is  the  thing  so  simple;  the  majority  certainly 
emigrate,  but  a  smaller  part  also  find  themselves  provided  for  on 
the  inner  banks  and  the  inner  edge,  where  particularly  the  larger 
individuals  are  staying.  Here  they  develop  to  sexual  maturity, 
and  therefore  at  the  beginning  of  the  fishing  appear  at  the  fishing 
stations  as  opsigfisk. 

Thus  the  principal  features  of  the  post-embryonal  life  of 
the  ocean  cod  are  as  follows :  It  is  difficult  for  the  new-hatched  fry 
to  undertake  greater  movements  on  account  of  their  comparatively 
large  yolk-sac,  they  keep  to  the  surface  of  the  water,  and  are 
subjected  to  the  motions  of  the  surface  water.  After  the  yolk- 
sac  has  been  absorbed,  and  the  power  of  moving  about  has 
increased,  they  move  into  deeper  water,  but  they  must  still  be 
classed  to  plancton  organisms,  and  their  food  during  this  time  is 
solely  cf  planctonic  kind.  According  to  my  plancton  tables  the 
food  during  the  first  time  is  not  much  varied;  it  seems  chiefly  ta 
consist  of  larvae  of  copepods,  annelids,  and  echinoderms,  together 
with  young  specimens  of  calanus  finmarchi&us,  oithona  similis,  &c. 

The  young  fish,  having  towards  the  end  of  the  summer  reached  a 
lenght  of  26 — 30  mm.,  begin  moving  towards  land  in  order  to  take 
up  a  more  stationary  way  of  living,  and  the  transition  from  the  pelagic 
life  to  a  littoral  one  is  mediated,  according  to  SABS'S  investigations, 
by  a  symbiosis  with  the  jelly-fish.  That  however  a  great  deal  of  the 
fry  skip  over  this  intermediate  stage  and  move  directly  towards  the 
shore,  seems  likely,  as  jelly-fish  scarcely  occur  in  such  numbers,  that 
these  millions  of  tiny  cod  can  find  hosts.  The  strange  circumstance 
that  the  young  cod  at  a  certain  period  seek  company  with  the  jelly- 
fish, must  problably  be  explained  by  the  instinctive  craving  for  a 
hiding-place.  In  the  transition  period  between  pelagic  and  littoral  life, 
they  are  therefore  also  found  among  drifting  objects  crowded  to- 
gether by  the  current,  and  partly  occur  in  great  masses  swarming 
round  the  outer  skerries  and  rocks,  where  they  are  unsparingly 
pursued  by  green  cod,  sea-gulls,  &c.  Gradually  they  then  move 
up  into  the  rich  crustacean  world  of  the  sea-weed  belt,  which  they 
once  more  leave  in  order  to  seek  the  submerged  rocks  and  sea- 
weed grounds  of  the  fjord.  While  one  part  is  left  to  stay  on  the 
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latter,  thus  taking  the  character  of  stationary  fjord  fish,  another 
and  larger  part  move  further  and  further  out  on  the  ocean  banks 
and  the  large  edge  towards  the  deep  of  the  arctic  sea,  whence  they 
then  return  ripe  for  propagation.  At  this  period  they  deliver  their 
tribute  to  the  Lofoten  fisheries,  but  the  greater  part  of  those  that 
escape  the  fishing  tackle,  return,  after  having  spawned,  to  their 
oceanic  life.  After  the  Lofoten  fisheries  there  is  usually  the 
uskraapfiske".  which  is  most  successful  in  Vesteraalen,  for  instance 
at  Qttfcfflrt.  This  seems  to  indicate  that  the  fish-masses  on  returning 
from  Lofoten  move  northward.  Even  late  in  the  summer  some 
stray  specimens  of  the  Lofoten  cod  may  be  caught,  and  these  have 
as  a  role  an  emaciated  appearance. 

The  principal  features  of  the  life  of  the  cod,  as  stated  above, 
may  be  modified  in  different  ways.  Mr.  SARS  gives  instances  of 
this  in  his  report  for  1870.  In  the  month  of  June  the  sand  eel 
(ammodytes  tobianus)  draw  near  the  shores  in  order  to  spawn. 
Consequently  masses  of  cod.  small  and  large,  pursue  it.  By  opening 
the  stomachs  of  cods  taken,  SARS  found  that  the  contents  almost 
exclusively  consisted  of  ammodytes,  especially  at  the  beginning  of 
the  migration  of  the  latter  fish.  Afterwards,  when  young  herrings 
appeared  in  numbers  in  the  same  places,  the  sand  eel  was  refused, 
and  cod,  as  well  as  green  cod,  were  found  crammed  with  young 
herrings. 

On  the  basis  of  Mr.  SARS'S  investigations  and  materials,  pro- 
fessor COLLETT*)  has  given  the  following  measures  for  the  young 
of  the  ocean  cod: 

Vj  month  old,  total  length      7 — 8       mm. 

1  „.        *  12 

2  „         „         15-20       „ 

3  „         30—40       „ 

4  „         54—60       r 

5     _  75 

6—7  „         „       120  —  130     „ 

8—9  „         „      about  195     „ 

9—10  -  „       240 

12  — 


„  a-i\j        „ 

400—500 


In  the  summer  following  on  their  hatching  the  cod,  at  least 
•  great  part  of  them,  are  supposed  to  move  out  upon  the  outer 
banks,  in  order  to  return,  at  three  years  of  age,  ripe  for 
propagation.  For  ocean  cod  ripe  for  propagation,  COLLETT  (1.  c.), 
puts  the  length  at  650 — 700  mm.,  while  of  the  fjord  cod  the  smallest 
individuals  ripe  for  propagation  have  the  length  of  350 — 400  mm. 
A  few  times  I  have  undertaken  measurements  of  young  cod  caught 
close  to  the  Biological  Station.  On  August  26th,  1895,  the  aquarium 
was  supplied  with  a  number  of  young  cod  whose  length  was  found 
to  average  about  80  mm.  On  September  loth  they  all  died  from 
want  of  air  as  the  conduit  had  been  choked.  In  the  mean  time 
they  had  been  well  fed  on  mytilus  edulis,  and  the  following  sizes 
were  found:  104,  88,  87,  93,  85,  85,  98,  97  mm.,  average  about 
90  mm.  In  20  days  the  growth  was  consequently  about  10  mm. 
For  another  and  larger  lot,  the  feeding  of  which  had  been  less  regular 
on  account  of  the  greater  number,  the  increase  during  the  same 
time  averaged  6  mm.  This  observation  from  the  aquarium,  however, 


•>  Pro/ewor  COLLETT.  Norge*  Pi«ke,  p.  104 — 107. 


cannot  of  course  be  directly  applied  to  the  relations  in  free  nature. 
This  fry  that  on  August  26th  had  an  average  length  of  80  mm. 
were  of  course  belonging  to  the  progeny  of  the  year,  after  the 
normal  spawning  time.  At  the  beginning  of  June  of  the  following 
year  a  few  shoals  of  young  cod  were  seen  near  the  station  building, 
some  of  which  were  caught  and  had  a  length  of  140—215  mm. 
These  could  not  belong  to  the  hatch  of  the  year,  but  at  the  same 
time  they  were  also  rather  too  small  to  be  in  their  second  year. 
Even  supposing  that  the  spawning  had  taken  place  in  the  month 
of  February,  they  were  still  too  large  to  be  of  the  fry  of  the  year; 
if  however  we  suppose  the  spawning  to  have  taken  place  in  May, 
this  fry  would  have  been  one  year  old,  and  even  under  that  sup- 
position they  differed  rather  much  from  the  normal  size  that  pro- 
fessor SARS  has  found  for  the  one  year  old  progeny  of  the  ocean 
cod  in  Lofoten.  In  another  part  of  the  coast,  in  the  harbour  of 
Larvik,  I  undertook,  Nov.  25th,  1896,  some  measurements  of  small 
cods.  The  length  was  here  190 — 200  mm.,  which  very  well  agrees 
with  the  measures  given  by  SARS  for  the  corresponding  stages  of 
development  from  Lofoten.  The  stomach  was  crammed  with  am- 
phipods  (e.  g.  gammarus)  and  decapods  (e.  g.  crangon  vulgaris). 

The  majority  of  the  fry  of  fishes  is  obliged  to  live  on  plancton 
organisms,  and  while  some  continue  plancton  eaters  all  their  life 
(e.  g.  herring,  sprat,  &c.),  there  are  others  that,  after  eating  nothing 
but  plancton  during  the  first  part  of  their  life,  later  on  change  to 
a  mixed  food  of  plancton  and  necton.  The  green  cod  (gadus  virens) 
is  no  doubt  such  a  one,  probably  the  mackerel  too.  Further, 
there  are  some  that  rather  soon  leave  off  feeding  on  plancton,  the 
place  of  this  food  being  taken  by  the  rich  crustacean  fauna  of  the 
littoral  region.  This  is  the  case  of  the  cod,  and  SAHS  has  shown 
that  for  the  Lofoten  cod  the  change  is  made  when  the  young  have 
reached  the  length  of  50—60  mm.  That  the  young  green-cod 
continue  feeding  almost  exclusively  on  plancton  until  they  are  at 
least  one  year  old,  seems  to  me  evident  from  the  observations  I 
have  made;  though  more  about  this  later  on.  This  circumstance 
also  explains  the  difference  existing  between  the  fry  of  cod  and  that 
of  green-cod  in  the  choice  of  their  staying  place.  At  the  periods 
during  which  sufficient  food  is  found  in  the  surface  layers,  the 
green-cod  fry  stay  at  shallow  places  (in  small  bays  and  in  har- 
bours), while  they  move  into  deeper  water  in  the  typical  winter 
months,  when  the  plancton  is  extremely  scarce  in  the  upper  layers. 

As  for  the  grown-up  fish  (cod,  green-cod,  &c.),  I  have  in  the 
following  tried  to  give  a  somewhat  detailed  description  of  their 
feeding  conditions. 

The  food  or  the  cod. 

The  celebrated  knower  of  fishes,  Mr.  KKOYEH,  writes  about 
the  cod  that  it  may,  on  account  of  its  voracity,  be  regarded  as 
the  enemy  of  nearly  all  sea  animals  that  it  can  master.  It  is 
however  of  considerable  interest  to  see  what  turns  up  in  its  stomach 
in  different  places  and  at  different  times.  I  have  therefore  examined 
a  great  number  of  cod  stomachs.  The  conditions  under  which  the 
cod  feeds  in  our  waters  have  of  course  been  investigated  before, 
especially  by  the  professors  COLLETT  and  SARS.  In  "Meddelelser 
om  Norges  fiske  i  aarene  1875—78",  p.  65,  COLLETT  writes:  "The 
animal  forms  that  contribute  the  chief  food  for  the  larger  individuals. 
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of  this  species  are  nearly  always  caught  on  the  bottom  of  the  sea, 
or  close  to  it,  and  largely  consist  of  (decapods  and  echinoderms, 
as  well  as  different  bottom  fishes."  In  July  1878  COLLETT  found 
numbers  of  cod  stomachs  filled  with  hyas  araneus  and  ophiopolis 
aculeata;  he  further  also  frequently  found  some  small  holothurides, 
as  well  as  annelida  and  gephyrea.  Of  fishes  he  found  especially 
icelus,  centridermichtys,  and  the  young  of  anarrhichas,  sebastes, 
lumpenus,  chirolophtis,  centronotus,  cyclopterus.  and  other  bottom 
fishes.  Previous  investigations  have  also  shown  that  the  fishes  that 
particularly  in  great  masses  supply  food  for  the  cod  are  mallotus 
villosus,  clupea  harengus,  and  ammodytes  tobianus.  The  latter  three 
species  are  on  a  large  scale  used  as  bait  for  the  cod.  Dr.  P. 
OLSSON  (Ada  universitatis  Lundensis.  VIII,  1871),  in  his  "lagt- 
tagelser  ofver  skandinaviska  fiskars  foda",  mentions  the  following 
fishes  as  having  been  taken  from  the  stomachs  of  cods:  Gadus 
merlangus,  g.  ceglefinus.  g.  minutus,  clupea,  coitus  scorpius,  pleu- 
roneetes  limanda.  G.  0.  SAKS,  by  examining  the  stomach  contents 
of  cod  caught  at  Spitsbergen,  found  individuals  of  the  arctic  species 
of  lycodes.  Finally,  as  a  rare  occurrence,  argyropelecus  olfersii  and 
argentina  sphyrcena  have  been  found  in  the  stomach  of  gadus 
callarias.  The  only  specimen  of  macntrus  coelorhyncus  (Eisso)  that 
is  known  to  have  been  observed  at  the  coasts  of  Norway,  was  found 
by  Mr.  SAES  in  the  stomach  of  cod  (at  Herl6va?r,  north  of  Bergen, 
Feb.  1842). 

The  following  fishes  I  have  taken  from  cod  stomachs :  liparis 
sp.,  sebastes  marinus,  chirolophus  galerita,  anarrhicas  lupus,  gobius 
sp.,  gadus  callarias,  hippoglostoidet  platessoides,  g.  (eglefinus,  clupea 
harengus. 

In  order  to  give  a  picture  of  the  variety  of  organisms  that 
contribute  to  the  feeding  of  the  cod,  I  here  give  descriptions  of 
the  stomach  contents  for  different  places  on  the  coast  of  Norway. 

Feb.  20th,  1896.  Ocean  cod  (skrei)  caught  on -the  banks  off  Kri- 
stiansund  N.  A  great  number  of  the  stomachs  were  empty. 
Contents:  Herrings,  decapod  Crustacea,  cypridina  norregica, 
G.  0.  Sars. 

March  6th,  1896.  Ocean  cod  (skrei)  caught  at  Svolvser,  Lofoten, 
at  40—50  fathoms.  Most  of  the  stomachs  empty  or  con- 
taining only  remainders  of  the  bait.  The  roe  rather  loose. 

March  18th,  1896.  I  examined  a  large  specimen  caught  at  Hen- 
ningsvaer,  Lofoten.  Measures: 

From  end  of  tail  to  pectoral  fin     855  mm. 

„      pectoral  fin  to  snout 315     „ 

Total  length  1170  mm. 
Stomach  containing :  Herrings,  sipho  glaber. 

April  20th,  1896.  Balstad,  Lofoten.  Out  of  a  considerable  number, 
only  one  had  filled  roe-bags.  Stomach  contents:  Hippo- 
glossoides  platessoides,  ophiurides,  &c. 

April  30th,  1896.     Balstad.     Oj)hiocten  sp.,  sipho  sp. 

Feb.  10th,  1897.  Sundero  in  Vesteraalen.  A  number  of  one 
hundred  fishes.  The  largest  ones  had  a  length  of  120  cm. 
In  rather  many  of  the  stomachs  were  found  solid  objects, 
only  a  few  were  quite  empty,  there  being  at  any  rate 
found  a  whitish  semi-liquid  pulp.  In  the  guts  the  dissolu- 
tion was  so  far  advanced,  that  no  determination  of  the 


contents  was  possible,  but  that  the  food  had  been  of  various 
kinds  appeared  from  the  colour  of  the  contents.  The  latter 
would  be  greenish,  reddish,  yellow,  greyish-white,  &c.  A 
granulary,  reddish  pulp  in  the  guts  testified  to  the  animal 
having  eaten  chiefly  echinoderms.  In  the  gut  were  often 
seen  cestodes,  and  in  the  stomach  mematodes.  Of  ecto- 
parasites, caligus  was  common,  a  few  times  lernwa  branchialis 
being  observed.  The  fish  examined  had  been  taken  in  a 
net.  Besides  cods,  also  lings  and  green  cods  had  been 
taken.  Several  specimens  of  cod  and  ling  had  been  con- 
sumed by  myxine,  which  had  eaten  all  the  flesh,  and  also 
roe,  liver,  heart,  &c.  Only  the  bones  and  skin  were  left, 
the  swim-bladder  and  the  stomach  being  also  as  a  rule 
left  intact.  What  remained  of  the  guts  was  empty,  the 
contents  of  the  guts  had  probably  also  disappeared.  What 
might  have  been  left  by  myxine  had  been  done  away  with  by 
amphipods.  Thus,  under  the  skin  of  the  sucked-out  fishes 
were  found  a  great  number  of  specimens  of  hoplonyx  cicada, 
Fabr.  On  one  occasion  we  got  up  a  cod  that  had  only 
been  half  eaten  by  myxine.  On  cutting  it  open,  as  much 
as  7  specimens  were  found  of  this  mischievous  animal, 
which  the  Lofoten  fishermen  call  "worm". 
Contents  of  the  cod  stomachs : 

Ommatostrephes  todarus,  dona  intestinalis,  munida 
rugosa,  hyas  coarctatus. 

Feb.    12th,    1897.     Sundero.     Number,   40.     The  majority   empty. 
Contents:     Shells    (pecten),     remainders    of   decapod 
Crustacea  and  ophiurides,  sebastes  marinus. 

Feb.  17th,  1897.  From  the  fishing  sea  off  Svolvar.  Stomachs 
generally  empty,  in  some  specimens  boreophausia  inermis 
was  seen. 

March  3th,  1897.  From  Hola  in  Lofoten.  Fishes  taken  on  set- 
lines  at  a  depth  of  about  50  fathoms.  Many  stomachs 
empty,  or  only  containing  remainders  of  the  bait.  The 
gut  generally  well  filled  with  greenish,  yellow,  or  grey 
contents  according  to  the  description  of  the  food. 
Number  examined:  100. 

Contents:  Pandalus  brevirostris,  pandalus  sp.,  cran- 
gon  almanni,  hippolyte  polaris,  boreophausia  inermis,  para- 
themisto  oblivia,  opercula  of  gastropodes.  Of  boreophausia 
inermis  a  considerable  number  were  found. 

March  16th,  1897.  Svolvser.  Number:  100  fishes.  Among  those 
examined  was  found  a  specimen  whose  liver  was  green 
throughout.  The  greater  part  of  the  cods  still  retained 
their  roe.  Some  stomachs  empty.  Stomach  contents:  Can- 
dalus  sp.,  crangon  almanni,  boreophausia  inermis,  tysanoessa 
neglecta,  idothea  baltica,  parathemisto  oblivia,  paroediceros 
lynceus,  hippomedon  denticulatus,  euchceta  norvegica,  ophi- 
ura  sarsii,  modiola  modiolus,  opercula  of  buccinum,  dona 
intestinalis,  the  low  jaw  of  a  fish. 

The  occurrence  of  ascidians  in  cod  stomachs  I  have 
not  previously  seen  observed,  and  it  is  probably  the  first 
time  •  that  any  copepod  has  been  observed  in  the  stomach 
of  the  cod.  However,  of  euchceta  norvegica  only  one 
specimen  was  taken,  a  female  with  adjoined  spermatophores. 
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March  29th,  1897.     Reine  in  Lofoten.     Number:     100  fishes. 
Contents:     Biiccinttm  sp.,    burcinum   iindntum. 
glaber,    boreophaufia    inermis,    cypridina    twrregica.    gadus 
(eglfftntu,  28  cm.  long. 

The  majority  ha«l  now  spawned,  the  roe-bags  were 
bluish-red,  and  testes  had  not  the  prominent  white  colour 
as  before. 

March  31st,  1897.    Reine.     Number:  250. 

Now  that  the  cod  had  spawned,  many  of  the  stomachs 
were  empty  too;  the  contents  however  indicated  that  the 
appetite  at  any  rate  had  not  become  less  than  before. 
Besides  remainders  of  the  bait,  the  intestines  of  cod  were 
often  found,  in  an  isolated  case  was  even  found  a  large 
head  of  a  cod.  The  thing  is  that  the  cutting  up  of  the 
fish  is  often  done  while  the  fishermen  are  rowing  home 
from  the  fishing  places;  the  instetines  are  then  thrown 
into  the  sea. 

Stomach  contents:  Idothea  neglecta,  i.  baltica,  re- 
mainders of  amph'ytods,  remainders  of  holothurides,  ophiuni 
sarsii.  onuphis  conchylega,  mytilus,  sipho  glaber,  buccinum 
undatum,  operculi  of  buccinum.  Some  of  the  cods  exam- 
ined had  their  stomachs  almost  crammed  with  tentacles  of 
holothurides.  Mr.  HJ.  OSTERGREN  at  Upsala  has  been  good 
enough  to  examine  this  material,  and  says  that  most  of  them 
belong  to  phyUophorus  sj>.,  and  a  few  to  cucumaria  frondosa. 

April  12th  &  13th,  1897.     Balstad.     Number:     400  fishes. 

In  the  largest  cod-stomachs  were  often  found  the 
intestines  of  cods,  in  some  even  the  heads.  With  a  bra- 
chyopod  (waldheimia)  followed  also  the  stone  to  which  it 
had  stuck.  That  a  great  part  of  the  small  stones  that 
are  frequently  found  in  cod  stomachs  have  come  there  in 
a  similar  way,  is  most  likely.  That  the  cod  should  take 
"ballast"  before  it  again  seeks  out  into  the  deep  sea,,  is 
not  very  credible.  At  Balstad  I  found  for  the  first  time 
a  starfish  in  the  stomach  of  a  cod,  viz.  a  young  specimen 
of  cribrella  xanguinolenta.  and  also  a  young  individual  of 
mlwter  endeca. 

Contents:  Stnngyfaientrotut  drUbachii-nsis,  solaster 
endeca,  rribrella  sanguinolenta,  ophium  .mmi,  opercula 
of  buccinum,  pecten  tigrinus,  lunatia  montagu,  wald- 
heimia, onuphis  conchylega,  leodice  norvegica,  nymphon 
stromii,  halirages  fulvorinctus,  ampelisca  sp.,  pandalus 
annulicornis,  dona  integtinalu. 

H«-re  at  Balstad  too,  tentacles  of  holothtiridas  were 
very  common.  Mr.  OSTEBRREN  mentions  one  nearly  com- 
plete specimen  of  gtichopw  tremulus,  as  well  as  tentacle 
coronas  and  loose  tentacles  of  phjflophanu  -y.  The  cal- 
careous substances  of  the  skin  and  the  tentacles  were 
dissolved,  as  were  also  in  nearly  all  of  them  the  cal- 
careous ring.  Among  other  curiosities  found  in  cod  stom- 
achs at  Balstad  was  also  a  bit  of  orange  peel. 

April  28th.  1897.    Rdst  in  Lofoten. 

Contents  in  cod  stomachs:  Remainders  of  decapod 
rrmiacea,  ephausidte  and  amphipoda. 


From  the  cod  fisheries  off  Kristiansund  N.  (March,  1897)  I 
have  examined  about  900  cod  stomachs.  The  fish  were  caught  4 
miles  SW  of  the  Grip  lighthouse.  A  great  deal  of  the  stomachs 
were  empty,  or  contained  only  the  remainders  of  the  bait;  I  found, 
however,  also  remainders  of  fishes  and  cuttlefish,  further  Crustacea 
(decapods,  isopods)  and  snails. 

Specification  of  the  contents: 

Remainders   of  ommatostrephes,    sipho   gnirili*.     s.  fusiformis, 
•ill  of  burcinum  and  sipho.  munidii  rugosa,  crangon  almnum. 
<ega   strilmii.    rocinella  danmoniensis,    eirolana    bor«iii*.    rii^n-llwi 
itorvegiea. 

From  the  fishing  off  Kalvaag,  Bremanger,  in  March  1897,  I 
examined  about  200  cod  stomachs.  Simultaneously  with  the  fishing 
of  cod,  "spring  herrings"  were  also  being  caught,  and  the  majority 
of  the  cod  stomachs  were  filled  with  herrings  or  herring  spawn  in 
different  stages  of  development.  About  half  the  number  of  the 
stomachs  examined  were  filled  with  herring  spawn,  and  the  other 
half  with  spring  herrings.  With  the  spawn  followed  algae,  shells, 
&c.  A  great  part  of  the  spawn  was  so  far  developed,  that  the 
eye-spots  were  distinctly  visible.  Further,  one  specimen  was  found 
of  (iHarrhicmt,  19.5  cm.  long,  as  well  as  remnants  of  other  fishes, 
besides  specimens  of  nncidiit  mentula,  o.  f.  m.,  several  gastropods 
and  opercula  of  the  same,  galathea  sp.,  cribella  sanguinolenta,  &c. 
In  one  stomach  were  found  several  balls  of  algae.  The  general 
occurrence  of  spring  herrings  and  herring  spawn  in  the  cod  stomachs 
deserves  special  attention.  The  largest  specimens  of  herrings  obser- 
ved measured  as  much  as  28  cm.  Among  molluscs  taken  from  cod 
stomachs  from  the  Bremanger  fishing  may  be  mentioned :  Buccinum 
.  trichotropis  l><ir<'nli*,  nn.-:--n  iutrn.--s<itn.  chiton  tnimnort-u*. 
i/roiiliimUcti.  lunatia  mont(i//ni.  criMla  fonguinolenta, 
ojihiuni  xiirxii. 

Also  in  March  1898  cod  fishing  took  place  off  Bremanger.  In 
stead  of  the  cod  stomachs  crammed  with  herrings  and  herring  spawn 
as  I  had  seen  them  the  previous  year,  the  March  fishing  of  1898  only 
supplied  me  with  rather  empty  and  shrunk  stomachs  for  examination. 
In  some,  however,  I  found  remnants  of  fishes,  among  these  also 
herrings,  but  in  no  case  spawn  was  found.  Generally  speaking, 
there  seems  this  year  to  have  prevailed  scarcity  of  food.  In  the 
stomachs  of  cods  taken  near  Bergen  in  March  1897  were,  among 
other  things,  also  found  herrings,  and  spawn  of  cottus,  while  there 
were  traces  of  portuirti*  dri>urator,  galathea  strigosa,  &c. 

During  the  cod  fisheries  off  Sotra  (a  little  South  of  Bergen) 
in  February  1898,  I  have  further  made  some  observations  about 
the  food  of  the  cod. 

On  Feb.  23th,  1898,  about  900  stomachs  were  examined,  most 
of  which  were  empty  and  shrunk,  as  in  Lofoten,  or  only  containing 
rests  of  the  herring  bait.  In  a  few  specimens  spring  herrings 
were  seen;  of  other  fishes  were  found  one  sebastes,  one  gobw», 
and  indefinable  rests  of  others.  Among  other  things  were  found 
strips  of  laminaria,  the  jaws  of  OHUHOlostrepheg,  many  apercula  of 
buccinum  undatum,  further  specimens  of  naxsa  incrassata,  lunatia 
montagui,  margarita  gronlandica,  &c.  In  a  few  cases  were  seen 
ascidia  and  holothuriilce,  and  of  larger  Crustacea  may  be  noted 
cancer  pagurus,  carcinw  moenas  and  lithodes  maja.  Further  may 
be  mentioned  several  smaller  amphipoda,  one  isopod  (<zga  psora,. 
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Linn.),  schizopoda,  and  a  few  specimens  of  an  ostracod.  Finally 
I  should  mention  two  specimens  of  an  actinia  (metridium  dianthus), 
titbularia  tubes,  and  a  few  annelidce. 

In  this  connection  may  be  mentioned  that  the  stomach  of  an 
ocean  cod,  caught  in  the  same  district  on  March  4th,  1897,  con- 
tained a  specimen  of  padus  callarias,  measuring  30  cm. 


Hitherto  I  have  only  accounted  for  my  examinations  of  the 
stomach  contents  of  ocean  cod  or  skrei  from  different  parts  of  the 
coast;  also  on  the  food  of  the  fjord  cod  I  have  made  some  obser- 
vations. 

February  1897.  Stomach  contents  of  fjord  cods  bought  at  the 
Bergen  fish  market: 

Chirolophus    galerita,    rests    of    ommatostrephes,     lima   hians, 

pandalus  sp.,  munida  sp.,  portttnus  depurator,  ophiopholis  aculeata. 

In  the  stomachs  of  fjord  cods   caught  in  the  Herlo-fjord  Apr. 

12th,    1897,    were    found   in    the    same    manner    different   decapod 

Crustacea,  as  rmmida  and  lithodes  maja. 

There  are  also  instances  that  cods  have  swallowed  lemmings. 
Thus  in  the  Meisfjord,  Alstadhaug,  a  cod  was  caught  which,  on 
being  opened,  proved  to  contain  no  less  than  16  of  these  animals 
(Norsk  Fiskeritidende  1891,  p.  167).  Professor  COLLETT  mentions 
that  alca  torda  is  sometimes  found  in  the  stomach  of  the  cod,  and 
there  are  also  accounts  to  hand  of  young  somateria  mollissima 
having  been  taken  from  cod  stomachs. 

It  thus  appears  from  existing  observations  that  the  following 
groups  have  yielded  larger  or  smaller  contributions  to  the  greed- 
iness of  the  cod: 

Mammalia,  aves,  pisces,  cephalopoda,  lamellibranchiata,  gastro- 
poda, brachyopoda,  Crustacea,  echinida,  ophiurida,  holothnrida, 
actinida,  hydroida. 

The  class  of  animals  that  chiefly  suffers  is  Crustacea,  of  which 
the  following  orders  are  represented:  Podophthalmata,  isopoda, 
amphipoda,  ostracoda,  copepoda. 

Employing  terms  taken  from  HJOCKEL'S  division  of  the  world 
of  organisms,  it  may  be  said  that  the  cod,  in  our  waters,  chiefly 
feeds  on  benthos ;  the  occurrence  however  of  great  masses  of  necton 
forms  (herrings,  sand-eel,  capelan,  cuttlefish,  &c.)  causes  that  the 
cod  almost  entirely  abandon  the  bottom  animals  in  order  to  indulge 
in  the  far  more  laborious  chasing  of  shoals  of  fish  or  cuttlefish. 
Thus  it  is  the  latter  quality  in  the  cod  that  causes  for  instance 
the  Finmarken  fisheries,  and  it  is  likely  to  be  this  same  quality 
that  has  made  the  fishermen  complain  that  the  codfisbing  in  Lo- 
foten takes  a  rather  irregular  course  when  during  the  fishing  season 
shoals  of  herrings  appear  in  the  Lofoten  seas. 

Further  there  are  instances  that  a  plancton  organism  (lima- 
cina  helicina)  has  caused  a  crowding,  together  of  cod,  by  which 
considerable  catches  could  be  made. 

Of  other  plancton  animals  I  have  only  found  boreophausia 
inermis  in  numbers  worth  mentioning.  That  a  form  like  eucJiceta 
norvegica  may  occur  in  cod  stomachs  proves  that,  when  full-grown, 
it  does  not  refuse  the  small  things.  It  is  not  very  likely  that  this 
copepod  should  have  entered  together  with  other  food,  consequently 
the  cod  has  snatched  at  it. 


In  this  connection  may  be  mentioned  that  I  have  been  struck 
to  find  a  certain  ostracod  (cypridina  norvegica)  occurring  several 
times  in  cod  stomachs.  According  to  SAKS*)  the  animal  possesses 
a  strong  lighting  power,  and  it  may  then  be  this  very  quality  that 
makes  it  end  its  life  thus  often  in  the  stomach  of  the  cod. 

With  a  claim  to  correctness  it  may  finally  be  said  that  in  the 
household  of  the  cod  benthos  is  of  greatest  importance,  then  follows 
necton,  then  plancton,  the  importance  of  which  however  is  small 
compared  to  the  two  former  principal  groups. 


Occasionally  in  my  expeditions  I  have  also  examined  the 
stomach  contents  of  other  fishes,  especially  gadus  ceglefinus  and 
g.  virens.  In  the  annual  reports  of  the  TromsO  Museum,  no.  16, 
1893,  Mr.  SCHNEIDER  has  given  a  list  of  shell-decked  molluscs 
taken  from  the  stomach  of  the  haddock  at  Vardo.  The  author 
gives  no  less  than  92  species,  whereof  3  Irachiopoda,  25  conchifera, 
1  solenoconchia,  and  63  gastropoda,  among  the  latter  such  a  rarity 
as  scalaria  obtusicostata,  Wood.  It  is  a  high  percentage  of  the 
arctic  mollusc  fauna  that  has  been  brought  forward  in  this  manner. 
Of  course  the  haddock  in  the  Vardo  sea  also  feeds  upon  echino- 
dermata,  but  investigations  of  this  are  not  to  hand.  During  my 
stay  at  Sundero  in  Vesteraalen  at  the  beginning  of  February  1897, 
I  examined  several  haddock  stomachs,  which  went  to  show  that, 
there  at  least,  the  echinodermata  afforded  the  principal  contingent 
to  the  food  of  the  haddock.  The  specimens  were  taken  in  nets 
together  with  cod  and  green  cod,  the  most  common  sizes  being 
65 — 68  cm.  The  roe  appeared  ready  for  spawning;  I  saw  however, 
as  late  as  May  5th,\  haddocks  with  filled  roe-bags  at  Rost.  The 
majority  of  the  haddock,  like  the  cod,  probably  spawns  in  the 
month  of  March.  Stomach  and  gut  were  as  a  rule  crammed  with 
rests  of  echinodermata,  more  rarely  appeared  molluscs,  and  still 
more  rarely  worms. 

Animals  from  the  stomach  and  gut  of  the  haddock: 
Feb.  7th,  1897.     Sundero. 

Oibbula  tumida. 
Feb.  8th,  1897.     Sundero. 

Terebratulina  capus  serpentis,   pecten   sp.,    Strongylo- 
centrotus drobachiensis,  ophiopholis  aculeata. 
Feb.  12th,  1897.     Sundero. 

Strongylocentrotus  drobachiensis,    ophiopJiolis   aculeata. 
April  28th,  1897.     Rost. 

Strongylocentrotus,    ophiopholis,  phyllophorus  sp.,    leo- 
dice  norvegica. 

At  Sundero  I  also  examined  some  green-cod  stomachs,  at  the 
beginning  of  February  1897.  I  found  none  that  had  spawned,  but 
the  roe  was  quite  ripe.  The  length  of  the  green  cod  was  about 
80  cm.  In  the  stomachs  were  found  rests  of  ommatostrephes,  am- 
phipoda,  and  schizopoda.  A  few  had  their  stomachs  crammed  with 
nyctiphanes  norvegicus.  In  green  cod,  caught  April  28th,  1897, 
in  the  By-fjord  of  Bergen,  were  also  found  large  quantities  of 
nyctiphanes,  as  well  as  small  herrings  and  sprat.  G.  0.  SARS  has 


*)  Oversigt  over  Norges   marine   Ostracoder,    Christiania  Vid.  Selsk.  Forh. 
1865,  p.  106. 
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taken  many  indiriduah  of  the  latter  achuopwi  in  stomachs  of 
tfbtute$  caught  in  the  Kristiania-fjord. 

Of  unphipoda  in  stomachs  of  green-cod  (Feb.  8th,  1897, 
SunderO)  maj  be  mentioned  parathemisto  obliria,  mthemisto  com- 
presto,  and  euthemisio  bisptnosa.  The  two  latter  ones  have  only 
been  obserred  in  a  single  locality,  viz.  at  Soro  in  Western  Finmark 
(6.  0.  SABS). 

Daring  the  fishing  at  Rust  at  the  end  of  April  1897  there 
occurred,  together  with  the  ocean  cod,  several  other  fishes,  as  torsk 
(brosmiui  brosme).  ling  (moliti  rulgaris).  haddock  (gadus  cegkfinus), 
halibut  (hippoglosftis  rulyaris).  sea-cat  (anarrhicas  luptts),  Norway 
haddock  (stbastes  marinus).  It  was  difficult  to  examine  the  stomach 
contents  of  torsk  and  ling  as  the  stomach  as  a  rule  stood  far  out  of  the 
mouth  when  the  fishes  came  into  the  boat.  Only  exceptionally  the 
stomach  had  its  natural  position.  In  stomachs  of  lings  I  saw 
bones  of  haddock  (both  at  Host  and  at  Sunderu).  In  stomachs  of 
torsk  were  found  decapod  Crustacea,  chiefly  lithodes  maja,  the  spines 
of  which  were  visible  on  the  outside  of  the  stomach,  without  however 
having  pierced  the  stomach  bag.  Besides  Crustacea  I  have  seen 
annelida  (leodice)  in  the  stomach  of  torsk.  The  gut  of  anarrhichas 
was  as  a  rule  filled  with  a  gruel  derived  from  echinodermata. 

The  largest  ling  I  saw  during  my  stay  at  Host  measured  1.5 
metre.  The  females  had  at  the  end  of  April  unripe  roe. 

On  the  feeding  circumstances  of  the  haddock  in  the  neigh- 
bourhood of  Bergen,  some  observations  have  been  made. 

Mr.  GRIEG,  curator  at  the  Bergen  Museum,  has  defined  the 
following  forms  from  the  stomach  and  gut  of  the  haddock: 

July  9th,  1897.     Hjelte-fjord. 

Opkiopholis  aculeata,  ophiura  squamosa,  amphiura 
aquamata,  echinoci/amus  pusillus,  lima  hians,  1.  loscombi. 
limatula  elliptica,  I.  subauriculata,  cardium  fasciatum. 
The  most  common  of  these  forms  were  lima  hians  and 
loscombi,  cardium  fasciatum,  and  ophiura  squamosa. 

Dec,  16th,  1897.     Herlo-fjord. 

Qasterosteus  aculeatus,  munida,  asga,  pecten  septem- 
radiatus,  p.  similis,  p.  vitreus,  area  pectunculoides,  port- 
landia  tennis,  philine  scabra,  cardiun  fasciatum.  To  the 
rather  common  ones  belonged  pecten  vitreus  and  area 
ftetunculoiden. 

Dec,  23th,  1897.     Herlo-fjord. 

Xtichopiu  tremulus,  ophiopholis  aculeata,  ophiura  sarsii, 
strong,  drobachiensis,  pecten  vitreus. 

Echinodermata  and  molluscs  afford,  in  our  waters  as  elsewhere, 
the  chief  quantity  of  the  food  of  the  haddock,  but  besides,  this 
fish  eats  bottom  Crustacea  (as  munida,  cega),  annelida,  and  even 
fishes.  The  haddock  may  consequently  be  characterised  as  a  typical 
benthos-eater. 

At  the  end  of  the  Lofoten  fisheries  young  green-cods  (gadus 
virens  jun.)  are  often  used  for  bait  for  the  cod.  During  my  stay 
at  Balstad  late  in  April  1896,  seines  were  regularly  used  to  catch 
young  green-cod,  which  in  large  shoals  swarmed  in  the  harbour. 


The  following  measures,  from  the  snout  to  the  tail-fin,  give  a  fair 
idea  of  the  sizes  that  occurred:  Balstad,  April  20th,  1896,  - 
24.5  cm.,  24.5,  19,  26.8,  25,  13,  13.5,  14,  13  cm.  Among  the 
young  green-cod  occurred  a  few  small  cods,  one  for  instance  31 
cm.  long,  which  however  was  more  like  skrei  than  ordinary  fjord- 
cod.  Among  the  smaller  specimens  of  the  young  green-cod  the 
majority  were  bluish-black  on  the  back  and  bluish  on  the  sides,  a 
few  however  had  a  reddish  tinge  on  the  sides  and  fins.  On 
their  being  opened,  the  stomach  was  seen  to  be  much  expanded, 
and  in  the  smallest  specimens  some  peculiar  granulary  contents 
were  perceived  through  the  expanded  skin  of  the  stomach.  These 
contents  soon  proved  to  consist  chiefly  of  fish  spawn,  among  which 
also  the  spawn  of  the  ocean  cod  in  great  numbers.  When  it  is  con- 
sidered that  every  harbour  in  Lofoten  in  the  spring  swarms  with 
very  young  green-cod  which  incessantly  snatch  at  fish-spawn,  one  gets 
an  idea  of  the  enormous  destruction  that  the  germs  of  the  cod  are 
exposed  to  from  the  progeny  of  its  kindred.  In  the  stomachs  were 
found,  besides  fish-spawn,  a  great  number  of  cypris  and  nauplius 
stages  of  cirripedia,  also  microsetella  atlantica  was  observed,  as 
well  as  another  copepod,  which  professor  SARS  has  defined  as 
thalestris  gibba,  (Kroyer). 

On  April  30th,  1897,  I  caught,  off  the  quay  at  Glea  (Host), 
some  young  green-cods  measuring  about  13  cm.  Here  too  fish-spawn 
was  found  in  the  stomachs,  though  not  in  such  a  large  number  as 
at  Balstad  the  previous  year.  At  the  time  there  was  however,  at 
any  rate  inside  the  harbour,  not  very  much  spawn.  The  greater  part 
of  the  stomach  contents  consisted  of  cirriped  cypris;  further  there 
appeared  larvae  of  euphausida  and  copepoda,  zoea  of  bnn'hi/ in- 
decapod,  calanus  finmarchicw,  pseudocalanns  elongatus,  harimi-ti/'iis 
chelifer,  &c.  In  the  harbour  of  the  hamlet  there  were  at  this  time 
large  masses  of  young  green-cod,  a  great  deal  of  boats  were  moored 
there,  and  it  was  interesting  to  observe  how  the  small  fishes  with 
predilection  stuck  to  the  shadowy  side  of  the  boats.  In  none  of 
the  stomachs  of  the  young  green-cods  that  I  examined  I  found 
bottom  animals.  It  is  likely  that  green-cod  feed  almost  exclusively 
on  pelagic  organisms,  the  younger  stages  being  limited  to  plancton, 
and  the  grown-up  ones  to  the  larger  plancton  forms  (boreophausia, 
nyctiphanes,  parathemisto,  &c.)  as  well  as  necton  (cuttle-fish,  herrings, 
sprat,  sand  eel,  capelan,  &c.).  In  Lofoten  Mr.  G.  0.  SARS  has 
observed  that  green-cod  occur  in  large  numbers  in  the  month  of 
July,  chasing  the  fry  of  the  cod  as  well  as  their  own.  On  one 
occasion  the  professor  even  succeeded  in  making  a  green-cod 
disgorge  a  couple  of  live  young  cods.  It  might  appear  that  the 
green-cod  had  several  advantages  in  competing  with  the  cod,  but 
nevertheless  the  two  species  may  keep  alongside  each  other  in 
large  masses  in  the  same  area.  The  cod  lack  the  power  of  the 
green-cod  for  cooperation,  and  the  green-cod  are  likely  to  make  a 
greater  destruction  of  the  eggs  and  fry  of  the  cod  than  vice  versa, 
but  as  the  green-cod  does  not  spare  their  own  young,  which  of 
course  in  their  turn  make  no  difference  between  cod-spawn  and  green- 
cod  spawn,  this  circumstance  is  likely  to  keep  up  the  balance  between 
the  two  nearly  related  species. 

On  the  weight  of  the  ocean  cod  the  supervising  chief  Mr.  KNAP 
has  caused  a  series  of  observations  to  be  made.  Thus  the  average 
weight  for  the  whole  of  Lofoten  was  found  to  be  as  follows: 
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1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

Net-fish,         split  

Kg. 
2.07 

Kg- 
2.74 

Kg. 
2.58 

Kg. 
2.83 

Kg- 
2,70 

Kg. 

2.53 

Kg. 
3.08 

Kg. 
3-38 

Kg. 

3  19 

Kg- 
2  85 

Sinkline-fish,    „     

2.38 

2.44 

2.02 

2.26 

2.38 

2.30 

2.94 

3.11 

2  70 

2  56 

Liver  of  netfish  

0.37 

0.17 

0.23 

0.24 

0.37 

0.23 

0.37 

0.38 

0.38 

0  45 

—  •     „    linefish  

0.22 

0.13 

0.15 

0.20 

0.22 

0  20 

0  40 

0  37 

0  38 

0  28 

Roe  of  netfish  

0.56 

0.39 

0.36 

055 

0.56 

0.44 

0  45 

0  56 

0  71 

0  68 

—    ..  linefish  . 

o.:u 

0.39 

0.29 

0.36 

0.34 

0.37 

0.46 

0.38 

0.54 

0.53 

During  the  fishing  season  of  1889  a  great  deal  of  measurements 
and  weighings  were  undertaken.  The  length  varied  between  74  and 
100  cm.,  and  the  weight  of  the  fish  in  round  condition  averaged 
from  4.5  to  8.8  kg.  for  different  fishing  stations.  Sometimes  spe- 
cimens are  caught  of  unusual  size.  On  April  13th,  1888,  two 
fishes  were  caught  off  Skraaven,  weighing  31  and  37  kg.  respec- 
tively, and  off  Svolraer,  on  March  17th  in  the  same  year,  a  cod 
was  caught  measuring  1.45  m.  in  length,  and  1.02  m.  roung  the 
belly,  the  weight  being  43  kg.  (HELLAND,  Lofoten  og  Vesteraalen, 
p.  161). 

On  March  23th,  1897,  a  cod  was  taken  in  a  net  off  Brettes- 
nses  whose  length  was  1.45  m.,  total  weight  36.5  kg.,  weight  of  the 
roe  6.7  kg.,  of  the  liver  3.3  kg.  It  is  not  only  in  Lofoten  that 
cod  of  such  dimensions  occur.  According  to  Norsk  Fiskeritidende, 
1887,  p.  301,  a  cod  was  caught  June  7th,  1887,  at  Losvik  in  the 


Tana  fjord  whose  length  was  1.53  m.  and  weight  in  round  con- 
dition 37.5  kg.  Of  this  weight,  that  of  the  body  was  25  kg.,  head 
7.1  kg.,  liver  2.5  kg.,  and  intestines  2.9  kg. 

In  conclusion  I  give  a  list  of  the  most  important  animals  that 
are  used  as  bait  for  the  cod  in  Lofoten: 

Clupea  harengus. 
Mattotus  villosus. 
Ammodytes  tobianus. 
Gadus  virens  (juniores). 
Ommatostrephes  todarus. 
Cyprina  islandica. 
Mytilus  edulis. 
Modiola  modiolus. 
Arenicola  piscatorium. 


b.    Notes  on  certain  planeton  forms. 


Galeolaria  (diphyes)  truncata,  M.  Sars. 

A  few  specimens  of  this  siphonophor  I  took  Feb.  5th,  1898, 
in  the  Hjeltefjord  near  Bergen,  at  from  0  to  190  m.  the  largest 
specimen  had  a  length  of  15  mm. 

Mr.  M.  SARS*)  has  taken  the  species  at  Floro  in  the  months 
of  September,  October,  and  November. 

It  has  further,  been  observed  by  the  German  North  sea  Expe- 
dition of  1872,  July  25th,  in  the  surface,  near  Lindesnes. 


Pleurobrachia  pileus,  Fabr. 

Till  now  I  have  only  met  with  a  single  ctenophor,  viz.  p.  pileus. 
It  was  taken  close  outside  the  Bergen  Biological  Station  in  the 
autumn  1896  by  the  keeper,  Mr.  GLIMME.  The  species  thus  appeared 
in  samples  taken  from  the  Puddefjord  from  November  17th  to  24th, 


*)  Fauna  Littoralis  Norvegise,  h.  I.,  p.  41. 


1896.  Afterwards  it  has  not  been  seen  at  this  place.  In  the 
sample  of  Nov.  17th  a  peculiar  copepod  also  occurred,  a  kind  of 
monstrilla,  of  which  I  have  published  a  short  characteristic  in  the 
Annual  Report  of  the  Bergen  Museum  for  1897. 


Cyphonautes. 

Outside  the  Biological  Station  cyphonautes  was  observed  in  the 
planeton  in  all  the  months  of  1896  and  1897,  excepting  January- 
April  inclusively.  For  occurrence  elsewhere,  see  the  tables.  During 
the  summer  of  1896  colonies  of  membranipora  membranacea,  Linn., 
were  often  seen  on  the  glass  panes  of  the  aquariums  of  the  station. 
These  were  of  course  founded  by  cyphonautes  that  had  entered 
with  the  water  from  the  conduit. 


Bipinnaria. 

In  Feb.  1896  I  took  l>ii>iiinaria  at  several  places  along  the 
west  coast  The  small  tire-armed  sea-stars  could  distinctly  be  seen 
on  all,  and  the  arrangement  of  the  processes  on  the  larva*  makes 
it  likely  that  all  must  be  classed  among  bipinnaria  asterigera, 
San.  In  a  surface  sample  taken  in  61°  9.5'  N.  and  3°  50.5' 
K .  Mar  12th,  1896,  a  little  sea-star  was  found  the  appearance 
of  which  corresponds  well  with  the  small  ones  on  the  bipinnaria 
mentioned.  It  seems  to  have  been  made  evident  that  '-.  a$teri<i< m 
is  the  larva  of  Inidia  sargii,  whose  spawning  time  must  consequently 
be  very  irregular  as  Mr.  M.  SABS  has  observed  tin-  said  larvae  in 
May.  Messrs.  KOBEN  and  DANIELSES  in  the  months  September — 
October,  and  I  in  February. 


Spadclla  (sagitta)  hamata.  Mobius. 

This  chsetognath  I  have  taken  many  times,  both  in  the  fjords 
near  Bergen  and  in  Lofoten,  but  never  in  shallow  water.  Mr. 
MoBirs*)  mentions  it  from  the  Korsfjord  in  depths  of  from  135  to 
337  fathoms,  while  AURIVILLIUS,  daring  the  Swedish  Scagerrack 
Expedition  of  1893 — 94,  notes  it  from  0 — 100  m.  in  water  whose 
saltness  was  22.31—35.05  %o,  and  temperature  2°.85— 17°.3  C. 
Mr.  At'BiviLLirs**)  gives  the  length  at  18  mm.  for  specimens  from 
the  Swedish  Scagerrack  coast.  The  largest  ones  I  have  till  now 
measured  were  24  mm.  (Feb.  23th,  1897;  between  Bare  and  Lii- 
dingen,  0—190  m.).  Mr.  STRODTMANN  states  that  s.  hamata  may 
reach  the  length  of  3 — 4  cm.,  but  such  large  individuals  are  pro- 
bably only  found  in  high  arctic  regions.  I  have  the  idea  that  s. 
hamata  at  our  coast  is  thriving  best  in  water  of  6° — 7°  C.,  and 
with  a  saltness  of  34 — 35  °/oo.  In  some  places,  as  in  the  Ostnes- 
fjord  and  at  Sundero  in  Vesteraalen,  I  have  observed  chasiogiiata 
also  in  the  surface,  but  this  has  been  another  kind  (.»•.  bipunctata). 


Tomopteris  septentrionalis,  Stenstrup. 

In  "Videnskabelige  Meddelelser  fra  den  Natuihistoriske  For- 
ening  i  Kjobenhavnr,  1849 — 50,  p.  IV,  Mr.  STENSTBUP  states  that 
the  Copenhagen  Museum  had  received  from  dr.  RINK  a  great  num- 
ber of  specimens  of  this  kind,  in  part  taken  a  few  miles  off  the 
Norwegian  coast,  in  part  in  the  sea  round  the  Orkneys  and  the 
Faroe  islands.  Mr.  STENSTRUP  considered  it  different  from  the 
form  observed  in  the  South  Sea  by  ESCHHOLTZ  (t.  onisciformis). 
In  "Fflnfter  Bericht  der  Kommission  zur  w.  Unters.  d.  Deutsch. 
Meerer.  Mr.  Monies  (p  117)  has  mentioned  a  form,  t.  helgolandica, 
Greef,  which  in  all  probability  is  synonymous  with  t.  septentrionalis. 
Besides  in  other  places,  the  German  Expedition  has  also  observed 
the  form  mentioned  in  the  neighbourhood  of  Lindesnes.  Mr.  G. 
0.  SABS  has  informed  me  that  he  has  often  met  with  tomopteris 


*)  Jahrabericht  der  Communion  zur  wiwentuchaftl.  Untenuch.  d.  DeuUch. 
X.  II.  Ill  Jahrg.,  p.  158. 

**)  DM  Plankton  des  Baltinchen  Meerei,  p.  37  (Bihang  t.  Kgl.  8.  Vet 
Akad.  HandL  Band.  21,  Stockholm  1896). 


both  in  the  Kristiania-fjord  and  along  the  whole  West-coast  as  far 
as  Lofoten.  In  the  many  plancton  samples  that  I  have  taken 
during  the  last  two  years,  this  form  has  only  occurred  a  sinjile 
time,  namely  Feb.  25th,  1897,  in  the  Ofoten-fjord  in  a  sample 
from  0 — 250  m.  Further,  dr.  AITKI.I.HK  took  a  fine  specimen  in 
the  Bergen  By-fjord  in  the  summer  1894.  It  had  a  total  length  of 
about  40  nun. 


Calanus  finmarchieuf.  Gunnerus. 

Mr.  GIESBRECHT  has  noticed  that  this  is  probably  the  first 
marine  pelagic  copepod  that  has  been  described.  That  honour 
belongs  to  the  Norwegian  bishop  JOHAN  ERNST  GTNNEBCS  (1718 — 
1773).  The  original  name  was  monwului>  fhimarchirus,  and  the 
original  description  is  found  in  "Det  Kongelig  Norske  Videnskabs- 
selskabs  Skrifter".  This  copepod  seems  to  occur  in  the  plancton 
at  our  coast  at  any  time  of  the  year,  at  least  the  females,  the 
males  on  the  contrary  being  rarer.  Mr.  GIESBRECHT  in  his  "Mono- 
graphic" gives  the  following  measures  for  the  female: 
At  Naples 2.7—2.9  mm. 

-  Gibraltar 3.0          „ 

-  Spitsbergen,   the  largest  ones      4 — 4.5     „ 

The  grown-up  males  are  stated  to  vary  between  2.35 — 3.2  mm. 
I  have  undertaken  a  number  of  measurements  of  both  sexes. 
Feb.  23th,  1897;  between  Baro  and  Lcidingen;  0 — 200  m. 
9    3.7  mm. 
d"  3.6     „ 
d"  3.6     „ 

Feb.  24th,  1897;   off  the  mouth  of  the  Tjeldsund;  0—200  m. 
9    3.7  mm. 
cT  3.3     „ 
CT3.2     „ 
July  1st,  1897;  15  geogr.  miles  north  of  Jan  Mayn;  0  m. 

9    5.0  mm. 

Feb.  14th,  1898;  Herliifjord  near  Bergen;  0—400  m. 
9    3.0  mm. 
cT  3.4     „ 

From  this  will  be  seen  that  even  in  the  deep  of  the  fjords 
near  Bergen  the  male  may  reach  the  length  of  3.4  mm.,  while  in 
the  arctic  sea  the  female  can  reach  a  length  of  5  mm.  The  upper 
limit  of  variation  is  thus  somewhat  extended. 


Calanus  hyperbareus,  Kroyer. 

9 

Apart  from  the  difference  of  size,  the  female  of  c.  hypcrborcits 
is  easily  distinguished  from  c.  ftnm.  Q,  the  lateral  corners  of  the 
5th  body-segment  being  pointed  in  the  former,  while  they  are 
rounded  off  in  the  latter.  The  arrangement  of  teeth  on  the  basal 
joint  in  the  fifth  pair  of  feet  (fig.  28)  also  gives  a  good  mark  of 
distinction.  The  interval  of  variation  is  stated  by  GIESBRECHT  to 
be  6.9 — 9.6  mm.  Having  taken  several  specimens  of  the  said  form 
both  in  Lofoten  and  in  the  Ofoten-fjord,  I  give  here  some  measures. 
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Feb.  23th,  1897;  between  Baro  and  Lodingen;  0—200  m. 

9  6.5  mm.,  6.6  mm.,  6.6  mm. 
Feb.  24th,    1897;    at  the  mouth  of  the  Tjeldsund;   0—200  m. 

9  6.0  mm.,  6.5  mm.,  7.0  mm. 
April  10th,  1897;  at  Balstad  in  Lofoten;  0—200  m. 

9  6.5  mm.,  6.8  mm. 

June  25th,  1897;  15  geogr.  miles  NE.  of  Jan  Mayn;  0  m. 
9  6.8  mm.,  8.2  mm.,  8.5  mm.,  9.2  mm.,  9.3  mm. 
Finally  I   have   observed   c.   hyperboreus  from  the  deep  of  the 
fjords   near   Bergen,  namely   in   plancton   samples  from  the  Herlo- 
fjord  (Feb.   28th,    and  March    15tb,    1898;   0—450  m.).     The  spe- 
cimens were  females,  length  6.5  mm.     The  largest  female  individuals 
from  the  Norwegian  coast  have  thus  been  about  7  mm.,  while  the 
largest  from  the  Arctic  Sea  measured  over  9  mm. 


C.  hyperboreus  $  (new). 

Notwithstanding  that  in  recent  years  a  considerable  quantity 
of  plancton  material  from  the  arctic  waters  has  been  examined, 
nobody  has  observed  the  male  of  c.  hyperbweus.  I  was  therefore 
surprised  to  find,  in  the  sample  from  Feb.  23th,  1897  (between 
Baro  and  Lodingen;  0 — 200  m.),  a  couple  of  male  calanus,  which 
I  at  once  thought  were  too  large  to  be  the  males  of  c.  finmarchicus. 
By  the  preliminary  examination  I  was  soon  disappointed  by  finding 
that  the  lateral  corners  of  the  last  body-segment  were  rounded, 
thinking  that  the  male  c.  hyperboreus  must  have  pointed  corners 
like  the  female.  However,  it  was  of  course  no  necessary  supposi- 
tion, and  after  having  investigated  the  matter  more  closely,  I  ven- 
ture to  say  with  certainty  that  it  really  were  •  males  of  c.  hyper- 
boreus that  I  had  before  me. 

Just  as  the  females  of  the  two  species  resemble  one  another 
very  much,  so  it  is  the  same  with  the  males.  A  careful  examina- 
tion of  the  fifth  pair  of  feet,  however,  may  decide  to  which  species 
a  specimen  belongs.  Both  males  of  c.  hyperboreus  that  have  been 
found  have  a  total  length  that  exceeds  the  maximum  limit  for  at 
any  rate  the  males  of  c.  finmarchicus,  and  in  our  waters  no  females 
of  the  latter  occur  that  can  equal  in  length  the  said  males. 

Feb.  23th-  1897;  between  Baro  and  Lodingen;  0 — 200  m. 

C.  hyperboreus   cf   front  part  of  the  body  4.3  mm.  1 

I  5.5  mm. 

„  „  -     hind       „      -      -       „       1.2     „      J 

-  front      „      -      -       „      3.6     „      ) 

-  hind       „      -      -       „       1.2     „      J  ' 

In  the  segmentation  of  the  body  (fig.  18),  or  in  the  structure 
of  the  anterior  antennae  I  have  not  been  able  to  find  any  obvious 
difference  between  the  two  closely  connected  male  calani.  .  The 
appendices  of  the  antennae  had  mostly  fallen  off,  but  the  remainders 
suggested  the  same  form  and  the  same  reciprocal  arrangement  as 
in  c.  finmarchicus.  Even  in  the  structure  of  the  2nd  pair  of 
maxillipeds  I  have  found  no  essential  difference.  However,  an 
examination  of  the  first  basal  joint  will  leave  no  doubt  as  to  the 
species ;  for  in  the  male  c.  finmarchicus  the  row  of  teeth  goes  quite 
to  the  edge  of  the  joint  or  to  the  boundary  between  first  and  second 
basal  joints  (fig.  17);  in  hyperboreus,  on  the  contrary,  the  row  of 


teeth  does  not  reach  quite  down  to  edge  of  the  joint  (fig.  29,  31). 
Besides,  in  the  former  the  row  of  teeth  makes  a  greater  curve 
than  in  the  latter,  in  which  it  comes  very  near  to  a  straight  line 
(fig.  16,  30).  The  inner  edge  of  first  basal  joint  is  quite  straight  in 
hyperb.,  but  concave  in  finm.  The  left  foot  in  fifth  pair  of  feet 
seems  also  to  be  somewhat  different  in  the  two  species.  In  finm. 
y2  is  longer  than  ys,  while  in  hyperb.  it  is  shorter.  The  joint  ys 
further  has  a  somewhat  different  appearance,  the  joint  narrowing 
very  much  towards  the  end  in  the  former,  while  in  the  latter  it  is 
nearly  equally  broad  throughout  its  length. 

In  the  female  of  the  two  calanides  the  structure  is  the  same 
as  in  the  male,  as  for  the  arrangement  of  the  teeth  on  the  inner 
basal  joint  of  the  fifth  pair  of  feet  (fig.  27,  28).  The  occurring  diffe- 
rence has  first  been  noticed  by  Mr.  GTIESBRECTH.  While  equally- 
sized  females  as  a  rule  can  be  easily  distinguished  without  examning 
the  fifth  pair  of  feet,  it  is  probably  necessary,  in  order  to  disting- 
uish the  males,  to  cut  out  the  fifth  pair  of  feet.  The  size  will 
of  course  be  suggestive  of  the  species.  The  largest  specimens  of 
c.  finmarchicus  cT  that  I  have  hitherto  found,  measured  3.6  mm., 
and  this  size  is  not  likely  to  be  exceeded.  Another  hint  to  faci- 
litate distinction  is  likely  to  be  obtained  from  the  form  of  the  front 
part  of  the  body.  In  c.  hyperboreus  cf  it  is,  as  it  were,  cut  straight 
off  (fig.  17),  while  it  has  been  more  pointed  in  the  males  I  have 
seen  of  the  other  form.  Thus  it  has  also  been  drawn  by  Mr.  BEADY 
in  report  of  the  copepoda  collected  by  H.  M.  S.  Challenger,  pi.  1 , 
fig.  1.  It  may  be  worth  noticing  that  the  two  males  of  c.  hyper- 
boreus were  observed  at  winter-time.  In  samples  from  the  Arctic 
Sea  (summer  1897)  I  have  seen  females  of  hyperboreus  by  the 
hundred,  but  not  a  single  male. 


Paracalanus  parvus,  Glaus. 

In  my  tables  this  species  is  insufficiently  represented,  as  for 
some  time  I  did  not  distinguish  it  from  pseudocalanus  elongatus. 
Professor  SABS*)  mentions  it  among  the  species  that  serve  as  food 
for  the  sprat. 


Pseudocalanus  elongatus,  Boeck. 

The  species  is  mentioned  by  Mr.  BOECK  both  from  the  Kri- 
stiania-fjord  and  from  the  West-coast  of  Norway.  It  is  one  of  the 
few  species  that  occur  in  the  winter  plancton  in  Lofoten,  where  for 
instance  it  was  found  in  great  quantity  under  the  ice  in  the  Trold- 
fjord.  The  most  northerly  place  where  I  have  hitherto  observed 
the  species  is  the  Tromsosund,  but  no  doubt  it  goes  a  good  deal 
farther  to  the  North. 


Undinopsis  bradyi,  G.  0.  Sars. 

In  "Unders0gelser  over  Dyrelivet  i  Arktiske  Fjorde",  Mr.  SPAEKE 
SCHNEIDER  has  mentioned  a  copepod  that  is  called  wncZiwqpsis  bradyi, 


*)  G.  0.  SAKS,  Brislingen  og  Brislingflsket. 
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6.  0.  San.  This  species  is  said  to  hare  been  found  in  Kvaenangen 
and  at  Troraso.  In  the  summer  1897  I  showed  to  professor  SAKS 
a  preparation  of  a  oopepod  that  I  had  been  unable  to  identify. 
He  then  declared  it  to  be  the  very  urn/ino/wi*-  hnnlyi,  and  alter- 
wards  informed  me  in  a  letter  that  the  said  copepod  had  been 
described  and  drawn  by  Mr.  BRADY  (A  monograph  of  the  copepoda 
of  the  British  Islands,  I,  p.  46,  pi.  IV.  tig.  1—11). 

The  species  was,  however,  there  wrongly  identified  with  pseudo- 
ro/tntu  ormolu*-,  Boeck,  which  according  to  Mr.  SAKS  is  another 
species.  As  Mr.  SARS,  in  his  gigantic  revision  of  Norwegian  cru- 
stacea.  will  soon  come  to  the  copepoda.  I  shall  do  nothing  but 
here  note  the  occurrence  of  undinopsis  bradyi  at  the  following  places: 

March  14th,  1896;  Vestfjord  (67°  32'.5  N.;  13"  24'.5  E.). 
In  plancton  0—200  m. 

March  5th,  1897;  Ostnes-fjord  in  Lofoten. 

March  7th.  1897;  Trold-fjord  in  Lofoten,   plancton  0—65  m. 

Besides,  I  have  this  year  taken  several  specimens  of  the  species 
from  the  fjords  near  Bergen. 


Kucha-tit  ii'ii-n-i/ica,  Boeck. 

Mr.  BOECK  took  the  specimens  of  this  species  on  which  the 
original  description  was  based,  at  a  depth  of  300  fathoms,  off 
Skudesnes.  It  has  afterwards  been  mentioned  from  our  waters  by 
MUBIVS  and  SABS,  which  investigators  have  given  extensive  descrip- 
tions of  the  animal.  In  the  North  Ocean  Expedition,  the  e.  nor- 
vegiea  was  noticed  at  12  different  stations,  and  always  from  a 
considerable  depth. 

In  Lofoten  I  have  observed  the  species  in  plancton  samples 
from  0 — 100  m.,  viz. 

March  23th,  1896;  Reine,  9  length  8.3  mm. 

March  26th,  1896;  Reine,  9  length  8.32  mm. 

I  have  further  taken  a  female  with  attached  spermatoplwres 
in  the  stomach  of  a  cod  caught  near  Svolvaer,  March  16th,  1897; 
length  6.6  mm.  Mr.  SABS  gives  12  mm.  as  the  measure  of  the 
largest  specimens  from  the  North  Ocean  Expedition,  but  this  con- 
siderable length  is  not  likely  to  be  reached  by  the  forms  existing 
in  our  fjords. 


Centropages  typieus,  KM 

The  North  Ocean  Expedition  observed  the  species,  besides  in 
other  places,  on  June  28th,  1876,  at  st.  26  (63°10'  N.,  5°16'  E.). 
It  probably  goes  somewhat  farther  northwards,  but  Mr.  BOECK  is 
scarcely  right  in  saying  that  it  occurs  in  great  numbers  along  the 
whole  of  our  coast.  It  was  found,  together  with  some  other  cope- 
pods,  in  a  surface  sample  taken  by  capt.  THOVSEN  in  the  North 
Sea,  March  8th,  1898  (57°  21'  N.,  2°  27'  E.),  The  surface  tempera- 
ture at  the  place  was  7°  C.,  saltness  35.03  %o- 


Cetitropages  hamatus,  Liljeborg, 

has  not  yet,  to  my  knowledge,  been  observed  as  far  north  as  Lo- 
foten. The  North  Ocean  Expedition  took  the  species  in  several 
places.  Outside  the  Biological  Station,  c.  hamatus  has  chiefly 
appeared  in  the  late  summer  and  autumn,  simultaneously  with  c. 
ti/l>irH.i.  Both  these  species  were  however  also  found  in  the  line 
Stavanger— Newcastle  on  March  8th,  1898,  in  the  surface  of  the  sea. 


Temora  loni/icornis,  0.  F.  Mtiller. 

Mr.  BOECK  says  that  the  species  is  very  common  in  the  Kri- 
stiania-fjord,  but  not  quite  as  common  on  the  West-coast.  During 
the  North  Ocean  Expedition  it  was  observed,  besides  in  other 
places,  also  at  st.  124  (66°41'  N.,  6°59'  E.)  on  June  17th,  1877. 
I  do  not  think  it  has  as  yet  been  taken  north  of  that  latitude. 
The  species  in  summer  and  autumn  occurs  in  a  large  number  of 
individuals  in  the  fjord  of  Bergen.  In  the  prolongation  of  tin- 
By-fjord  on  which  the  Biological  Station  is  situated,  femora  occurred 
in  the  samples  of  every  month  in  1896—97,  with  the  exception  of 
March,  and  for  the  months  June— October  incl.  it  was  very  com- 
mon indeed.  In  Lofoten  it  was,  at  any  rate  in  the  winters  of 
1886  and  1887,  extremely  rare. 


Mrtr/tliit  hlbernica,  Brady  &  Rob. 

Mr.  AKSEL  BOECK  described,  in  Transactions  of  Kristiania 
Videnskabsselskab  for  1864,  two  species  of  the  genus  of  m>-f>-i<li'i. 
a  larger  one  that  he  called  m.  armata,  and  a  smaller  one,  >;/. 
lucrns.  Mr.  GIESBRECHT  has  shown  that  m.  armata  =  m.  lon<iii. 
Lubb.,  and  as  for  m.  lucens,  the  said  author  is  of  opinion  that  it 
can  scarcely  he  classed  to  metridia,  because,  according  to  BOKCK. 
it  lacks  hooks  on  the  first  joint  at  the  inner  branch  of  the  second 
pair  of  feet.  It  is  however  likely  that  m.  lucens  and  m.  hibcniin 
are  identical;  at  any  rate  I  ha\e  taken  m.  liilx-niira  at  several 
places,  from  Bergen  to  Lofoten.  The  north  limit  is  pro  tern,  about 
the  69th  degree  of  lat.,  most  probably  it  goes  considerably  further 
to  the  north.  According  to  the  rules  of  priority  the  name  of  hi- 
bernica  should,  I  suppose,  yield  to  that  of  lucent,  but  as  the  species 
was  originally  described  so  insufficiently,  that  it  cannot  be  iden- 
tified with  certainty,  it  may  be  right  to  keep  the  term  othiberiii'-". 
While  m.  tonga  is  known  from  Greenland  (AURIVILLICS),  Spits- 
bergen (GIESBHECHT),  the  Kara  Sea  (HANSEN),  and  has  been  taken 
by  myself  at  different  places  from  Bergen  to  Tromso,  —  m.  liibrr- 
nica  has  not  as  yet  been  found  north  of  the  arctic  circle.  The 
fullgrown  females  of  m.  longa  have  a  length  of  4  mm.  or  a  little 
more,  while  for  the  hibernica  I  can  give  the  following  measures: 
April  10th,  1897.  Balstad  in  Lofoten. 
0—200  m. 

9  2.5  mm.,  cf   1.75  mm. 
Nov.  24th,  1896.     Puddefjord,  near  Bergen. 
0—8  m. 

9  Front  body  0.96  mm. 
Hind  1.68 


2.64  mm. 
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.85  mm. 


Nov.  10th,  1896.     Puddefjord. 
0—8  m. 

cT  Front  body  0.60  mm.  1 
Hind       „      1.25     „     } 
M.   hibernica    is    easily    distinguished    from    the   longa  by  the 
pointed  corners  at  the  last  body-segment  (fig.  26),  and  by  its  com- 
paratively shorter  furca,   the   breadth  of  the  branches  being   about 
half  the  length  (fig.  25). 


Metridia  longa,  Lubbock. 

The  largest  specimens  of  this  species  I  took  in  the  Ofoten- 
fjord.  The  largest  female  measured  4.29  mm.  The  males  had  a 
length  of  about  3.5  mm.  M.  longa  occurs  at  greater  depths  in  the 
fjords  near  Bergen,  but  the  females  here  have  scarcely  exceeded 
4  mm.  The  largest  one  I  have  till  now  measured  was  3.9  mm. 

I 


Heterochceta  norvegica,  Boeck. 

In  Kristiania  Videnskabsselskabs  Forhandlinger  for  1872,  AXEL 
BOECK  has  given  a  short  diagnosis  of  a  copepod  that  he  had 
taken  at  a  rather  great  depth  off  the  Norwegian  coast,  and 
which  on  examination  was  found  to  be  of  a  species  differing 
from  the  forms  described  by  GLAUS  (spinifrons,  papilligera).  The 
said  new  species  received  the  name  of  heterocJueta  norvegica.  GIES- 
BEECHT,  in  his  well-known  "Monographic",  has  noted  this  as  "Un- 
bestimmbare  Species",  at  the  same  time  stating  that  some  of  the 
characteristics  given  suggest  some  known  species.  BOECK'S  descrip- 
tion of  5th  left  foot  of  cf  does  not  however  agree  with  any  of  the 
species  previously  described.  The  original  description  of  h.  nor- 
vegica is  as  follows: 

"The  upper  feelers  are  not  as  long  as  the  body.  The  basal 
joint  of  the  outer  jaw-foot  is  armed  with  a  strong  thorn.  The 
final  part  is  distinctly  separated.  The  first  joint  of  the  upper 
feelers  is  longer  than  the  four  others  together.  The  outer  branch 
of  the  second  to  fourth  pair  of  feet  is  about  three  times  as  long 
as  the  inner  branch.  The  final  joint  is  very  large,  oval,  supplied 
with  three  teeth  in  notches  on  the  outer  edge  and  at  the  point, 
as  well  as  near  the  latter  with  three  rough  saw-teeth.  In  the 
males  the  basal  joint  of  the  right  fifth  pair  of  feet  is  drawn  out 
into  a  very  large  curbed  hook.  The  second  joint  of  the  outer 
branch  has  on  the  inner  edge  a  knot.  The  third  joint  is  drawn 
out  into  a  strong  point.  In  the  left  fifth  pair  of  feet  the  third 
joint  of  the  outer  branch  is  shorter  than  the  second,  and  inwardly 
drawn  out  into  a  strong  point,  against  which  a  curbed  claw  from 
the  point  of  the  joint  can  strike".  This  short  description,  which 
is  not  accompanied  by  drawings,  is  certainly  meant  by  the  author 
to  be  only  a  preliminary  one.  It  is  seen  from  BOECK'S  work 
("Nye  Slegter  og  Arter  af  Saltvands  Copepoder")  that  it  was  his 
intention  to  deliver  an  extensive  work  on  the  copepods.  Death 
however  abruptly  put  a  stop  to  the  realization  of  this  plan. 

By  examing  a  sample  from  the  Ofoten-fjord,  taken  Feb.  25th, 
1897,  depth  0 — 250  m.,  I  discovered  two  specimens  (9,  cT)  of 


f 

nm.  ) 

3. 

"     ) 


78  mm. 


heterochceta  which  showed  a  rather  great  likeness  to  h.  papilligera. 
A  closer  inspection  has  proved  that  the  specimens  from  the  Ofoten- 
fjord  differ,  especially  in  the  structure  of  fifth  pair  of  feet,  from 
papilligera,  while  in  all  essentials  they  correspond  with  the  descrip- 
tion of  h.  norvegica.  The  latter  will  therefore,  in  my  opinion, 
have  to  be  maintained  as  a  seperate  species. 

Description  of  $. 
Length.      Front  body  2.70  mm. 
Hind       „       1.08 
Greatest  breadth  1  mm. 

The  front  body  consists  of  5  segments,  the  two  hinder  ones 
being  joined  into  one.  Of  these  thl  and  th4 — 5  are  about 
equally  broad,  likewise  th2  and  th.3,  which  however  both  are 
narrower  than  the  two  former  ones.  (The  terms  of  GIESBRECHT'S 
denotation  are  here  adopted).  The  head  segment  carries  two 
extremely  small  hairs,  pointed  forwards,  and  the  two  rostral 
threads.  The  brow  papilla  is  not  pointed  as  in  h.  spinifrons,  but 
bears  an  obvious  likeness  to  the  corresponding  one  in  h.  papilligera. 

The  hind  body  (fig.  11)  consists  of  four  segments,  diminishing 
in  length  downwards;  the  genital  segment  is  a  little  longer  than 
the  three  following  taken  together.  The  joint  connection  between 
ab5  and  furca  is  rather  indistinct.  The  length  of  the  furcal 
branches  is  not  quite  three  times  as  great  as  the  breadth,  the 
left  branch  being  a  little  longer  than  the  right  one.  Each  furcal 
branch  carries  5  large  brushes  and,  besides,  an  extremely  small 
one  on  the  inner  side.  One  of  the  brushes  on  the  left  branch  is 
much  longer  than  the  others.  It  was  torn  off  both  in  the  male 
and  the  female,  but  it  is  likely  to  be  longer  than  the  body  in 
both  of  them.  The  piece  that  was  left  measured  a  little  over  2 
mm.,  and  at  the  fracture  the  thickness  had  not  perceivably  de- 
creased. The  genital  segment  is  on  the  ventral  side  very  much 
swollen,  dorsally  it  has  a  peculiar  inward  curbing.  Besides,  the 
genital  segment  and  the  two  following  ones  carry  on  the  dorsal  side 
a  series  of  thorns  (fig.  11).  In  the  former  this  thorny  row 
sits  a  little  above  the  lower  edge,  in  the  two  others  in  the  edge 
itself.  The  first  pair  af  antennae  consist  of  25  different  pieces,  of 
which  the  foremost  one,  which  is  pointed  forward,  is  longer  than 
the  four  following  ones  taken  together.  The  length  of  the  antennae 
is  4.2  mm.,  they  are  consequently  longer  than  the  body,  but  as 
the  proximal  part  is  stiffly  projecting,  the  antennae  when  folded 
along  the  body  will  scarcely  reach  the  end  of  the  furca. 

The  posterior  antenna?  which  are  fixed  to  a  comparatively  long 
handle,  have  two  branches,  of  which  the  inner  branch  is  somewhat 
longer  than  the  outer  branch.  The  inner  branch  is  made  up  of 
two  joints  of  which  il  is  about  three  times  as  long  as  i2  (fig.  10). 
The  inner  branch  is  made  up  of  8  joints,  the  outermost  of  which 
is  longer  than  the  4  following  taken  together  (fig.  24).  The  ma- 
sticatory edge  (fig.  21,  23),  of  the  mandible  has  a  characteristic 
armament,  there  being  at  one  corner  a  curved  tooth,  at  the  other 
corner  three  teeth,  with  one,  three,  and  two  points  respectively; 
at  the  base  of  the  last-mentioned  point  also  sits  a  little  brush. 
The  palp  of  the  mandible  consists  of  a  short  basal  joint  and  a 
long  one,  to  which  are  joined  two  branches,  the  outer  branch  being 
broader  than  the  inner  one  (fig.  21).  Both  have  feathery  brushes 
at  the  top,  besides  a  little  feathery  brush  sitting  at  the  second 


basal  joint  The  maxilla  are  characterized  by  the  inner  branch 
(tig.  4)  being  tery  much  reduced.  The  outer  branch  carries  at  the 
end  5  feathery  brashes,  and  the  reduced  inner  branch  3  extremely 
small  one*.  On  one  of  the  lobes  of  the  basal  port  sit  5  very 
long  feathery  brushes,  and  on  the  other  a  group  of  at  least  10  such. 
The  first  pair  of  maxillipeds  are  characterized  by  a  comparath.lv 
long  basal  part,  while  the  branches  and  lobes  are  Terr  much  re- 
duced. At  the  distal  end  there  are  two  groups  of  large  brushes, 
three  in  each.  In  the  upper  group  (fig.  7)  the  two  are  beut 
towards  the  end  and  set  with  fine  points  that  give  them  a  comb- 
like  appearance.  In  the  other  group  two  brushes  are  equally 
long  and  equally  thick,  while  the  third  is  thinner  and  scarcely 
half  the  length  of  the  two.  The  second  pair  of  maxillipeds  are 
considerably  thinner  in  structure  than  the  first  pair,  especially  the 
second  basal  joint  (bs)  is  much  protracted,  the  length  being  5—6 
time*  the  breadth.  On  the  first  basal  joint  bl  sits  a  very  charac- 
teristic brush  or  thorn  (fig.  14).  It  is  curved  and  overlaps  the 
distal  end  of  ba.  Besides  there  are  at  the  end  of  bl  two  short, 
thin  brushes  and  one  thicker  brush  or  thorn.  Near  the  inner  edge 
of  bs  is  a  row  of  small  thorns.  The  lowest  of  the  brushes  (l)  of 
the  uppermost  basal  joint  sits  a  little  above  the  middle  of  the 
inner  edge  of  the  joint  b2.  Altogether  there  are  on  the  inner  edge 
of  bs  5  brushes.  Of  these  (l)  and  (2)  are  smaller  than  (3),  wich  is 
again  smaller  than  (4).  The  branch  consists  of  5  joints,  decreasing 
in  length  towards  the  end.  Of  these  the  4  first  joints  carry  3 
brushat. 

In  the  first  pair  of  feet  the  inner  branch  is  almost  as  broad 
as  the  outer  branch,  and  the  length  about  '/>  of  that  of  the  outer 
branch.  The  first  pair  of  feet  is  shorter  than  the  three  following. 
In  the  second  pair  of  feet  (fig.  8)  the  inner  branch  is  not  so  long 
as  the  two  lower  joints  of  the  outer  branch,  which  is  also  the  case 
for  all  the  swimming  feet  2 — 4;  is  is  about  twice  as  long  as  il, 
and  y3  longer  than  yl  +72.  In  3rd  pair  of  feet  y:i  is  compara- 
tively longer  and  broader  than  in  any  of  the  others  (fig.-  12). 
(There  is  no  perceivable  difference  in  the  structure  af  3rd  pair  of 
feet  in  the  two  sexes).  4th  pair  of  feet  is  much  like  the  3rd, 
though  the  point  of  y3  short  a  somewhat  different  appearance 
(fig.  19).  5th  pair  of  feet  (fig.  3),  like  the  others,  consists  of  two 
branches,  with  3  joints  in  each  branch.  The  outer  branch  is 
about  twice  as  long  as  the  inner  one;  yl  lacks  brushes,  on  y2 
site  a  thick  curbed  thorn,  with  the  curbing  turned  inward  (proxi- 
mally).  This  thorn  is  a  little  longer  than  the  inner  branch.  On 
the  inner  side  of  y  3  are  four  rather  long  feather-brushes ;  the  first 
brash  is  about  half  as  long  as  the  joint  y3.  Besides,  i3  has  6 
feather-brushes,  and  i2  has  a  thin,  short  brush,  about  half  as  long 
as  the  joint  A  similar  one  sits  on  il. 

Apart  from  the  comparative  size,  the  female  of  h.  norvegica 
shows  great  likeness  to  h.  jin\nlligrra  9>  The  best  distinguishing 
mark  I  have  found,  is  that  the  brushes  on  il  and  i2  on  the  5th 
foot  are  considerably  thinner  and  shorter  than  the  brushes  on  i:t. 
By  the  thin  and  short  brushes  on  the  two  lower  joints  of  the  inner 
branch,  h.  norvegica  shows  a  likeness  to  h.  claimi,  Oiesbrecht. 
From  the  latter,  however,  h.  norvegica  is  distinguished  by  lacking 
the  thorn-like  brush  on  yl.  Besides  it  may  be  noted  that  in 
k.  cltuuii  the  curbed  thorn  on  yS  is  shorter  than  the  inner 


branch,  while  the  final  brush  on  yd  is  more  than  half  the  length 
of  the  joint. 


H.  norvegica  cT. 
Front  body   2.52   mm. 
Hind       „      1.08     „ 
Total  3.6       .. 

1st  pair  of  antenna  4.0  mm.,  consequently  longer  than  the 
body.  Greatest  breadth  0.9  mm.  The  long  furcal  brush  was  torn 
off,  but  the  piece  that  was  left  measured  a  little  over  2  mm.,  so  it 
is  likely  that  it  is  longer  than  the  body. 

The  anterior  left  antenna  is  transformed  into  a  clutching  an- 
tenna, and  is  distinguished  from  the  corresponding  one  in  the  female 
by  several  joints  towards  the  distal  end  being  joined  into  one  (fig.  6). 

The  segmentation  of  cephalo-thorax  is  like  that  in  the  female, 
the  hind  body  on  the  contrary  consisting  of  5  joints,  of  which  the 
4  uppermost  have  a  row  of  small  thorns  at  the  hinder  edge  of  the 
dorsal  side  (fig.  5).  In  the  structure  of  the  jointed  organs  of  the 
body  there  is  great  likeness  between  the  two  sexes,  only  in  respect 
of  5th  pair  of  feet  the  likeness  is  lacking.  The  second  basal  joint 
in  the  right  5th  foot  has  a  characteristic  projecting  formation  that 
is  bent  inwards  towards  the  joint  (fig.  20.  32);  y2  has  a  knotted 
projection  on  the  inner  side;  y:t.  which  is  of  a  lengthened  and 
vaulted  form,  is  supplied  with  3  brushes,  of  which  one  short  and 
thick  and  one  longer  and  thinner  sit  at  the  point  of  the  joint,  the 
third  is  on  the  under  side  of  the  joint.  The  lowest  joint  of  the 
inner  branch  is  rather  short,  and  the  connection  between  it  and 
the  following  one  is  oblique,  compared  to  the  longitudinal  direction ; 
il  lacks  brushes,  i2  has  1,  and  is  6. 

The  length  of  y3  is  about  as  yl  -f-  y2. 

Especially  characteristic  of  left  foot  is  the  joint  y3  (fig.  22). 
BOECK  says  about  it: 

"Third  joint  of  the  outer  branch  is  shorter  than  the  second, 
and  inwardly  drawn  out  into  a  strong  point,  against  which  a  curbed 
claw  from  the  point  of  the  joint  can  strike". 

It  is  most  likely  that  it  is  h.  norvegica  I  have  found,  but  in 
that  case  BOECK'S  description  is  not  quite  correct.  On  the  joint 
y3  are  3  brushy  projections.  Of  these  the  two  short  ones  (s,  t,) 
distinctly  articulate  with  the  joint,  whereas  the  articulation  between 
f  and  y3  is  indistinct. 

Fifth  pair  of  feet  in  the  male  shows  an  astonishing  likeness 
to  the  corresponding  one  in  h.  abi/ssalis,  about  whose  appearance 
the  excellent  drawings  of  GIESBRECHT  give  sufficient  information 
(Monographic,  Taf.  20,  fig.  29,  30).  However,  the  knotted  projec- 
tion on  y2  of  fifth  right  foot  seems  to  be  relatively  smaller  in  h. 
norvegica  than  in  It.  ulii/wili*;  the  thin  final  brush  is  in  norriyii-n 
shorter,  forming  about  '/>  of  the  length  of  the  joint  (y3),  while 
in  alnjssalis  it  is  more  than  half  the  length  of  the  joint.  What 
chiefly  seems  to  distinguish  the  two  species  is  the  appearance  of 
y3  in  left  fifth  foot,  the  brushy  projection  f  in  norvegica  being 
distinctly  projected  from  the  joint,  while  in  aJbyssalis  they  run 
together  with  no  definite  limits.  Fifth  pair  of  feet  in  the  male 
further  shows  a  distinct  difference  from  the  corresponding  one  in 
the  Mediterranean  forms. 
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It  seems  to  me  therefore  undoubtful  that  the  heterochseta  found 
by  me  differs  in  species  from  the  hitherto  completely  known  and 
described  forms  of  this  genus.  There  is  also  reason  to  suppose 
that  it  is  just  this  species  on  which  BOECK  has  based  his  description. 

What  to  me  has  been  particularly  decisive  in  the  question  of 
identity  is  BOECK'S  characteristic  of  the  5th  pair  of  feet  in  the 
male.  It  is  true  that  in  my  specimens  the  upper  antenna  are  not 
shorter  than  the  body,  but  this  difference  may  depend  on  a  wrong 
judgment  by  the  describer. 

From  the  south  coast  of  Norway  MOBIUS  has  mentioned  a 
heterochceta  that  is  identified  with  BRADY'S  species  h.  spinifrons 
(1883).  GIESBRECHT,  however,  has  proved  that  BRADY'S  spinifrons 
is  not  the  Mediterranean  form  (h.  spinifrons,  Glaus),  but  rather 
h.  abyssalis,  Giesb.  MOBIUS,  however,  mentions  that  in  his  spe- 
cimens the  first  pair  of  antennse  were  longer  than  the  body,  and 
as  I  have  shown  that  this  is  actually  the  case  in  h.  norvegica,  it 
becomes  likely  that  it  is  this  species  that  MOBIUS  mentions  from 
Norway  (Lindesnes). 

BOECK  states  no  definite  finding  place;  as  before  mentioned, 
I  took  h.  norvegica  when  gathering  plancton,  Feb.  25th,  1897,  in 
the  Ofotenfjord;  depth  0 — 250  m.  The  place  is  situated  not  far 
from  the  telegraph  station  of  Ledingen,  which  is  in  68°  24'  N. 
16°  1'  E.  Grw.  There  occurred  beside  it,  for  instance  cnlanus 
hyperboreus  and  metridia  longa. 

The  hydrographical  relations  at  the  place  where  heterochceta 
occurred  are  as  follows : 

Temp.  Saltness 

0  m.  2.0  C.  33.54  %o 

120    -  2.8    -  33.73 


150    - 
250    - 


6.0  - 

6.1  - 


34.65 
34.96 


The  plancton  was  most  abundant  in  the  warm  layer  of  6°  C. 
Most  of  c.  hyperboreus  and  metridia  longa  was  found  there,  and 
from  this  layer  was  probably  also  derived  the  norvegica,  which  in 
its  occurrence  rather  presents  itself  as  an  arctic  species,  at  any 
rate  it  is  the  first  time  that  any  heterochteta  has  been  proved  to 
occur  as  far  north  as  the  68th  degree  of  latitude. 


Anomaloecra  pattersonii,  Templeton. 

During  the  North  Ocean  Expedition  this  species  was  observed 
in  the  Sognefjord  and  at  6  different  stations  in  the  south  part  of 
the  North  Ocean.  I  have  taken  it  in  the  Herlo-fjord  near  Bergen, 
and  at  Solsvik  just  south  of  Bergen,  where  in  August  1895  it 
occurred  in  great  quantity. 


The  species  of  acartia. 

Besides  a.  lonyiremis,  I  have,  in  plancton  samples  from  the 
Pudde-fjord  off  Bergen,  observed  a.  clausii  and  a.  discaudata, 
Giesb.  Of  a.  clausii,  Giesb.,  I  have  also  taken  a  single  specimen, 
a  female,  at  Host  (in  Lofoten).  I  took  the  said  specimen  May  1. 
1897  in  plancton,  0 — 150  m.  As  far  as  I  could  judge,  it  showed 


a  perfect  agreement  with  the  diagnose  of  GIESBRECHT.  On  the 
rounded  last  thorax  joint  were  several  small  points  at  the  edge, 
and  the  two  foremost  abdominal  segments  had  a  row  of  points  at 
the  dorsal  hinder  edge.  Length  1.5  mm. 

Females  of  a.  discaudata  have  such  a  characteristic  appearance, 
that  they  cannot  easily  be  mistaken  for  others.  Some  specimens 
were  observed  in  the  autumn  1896  in  the  Pudde-fjord  at  Bergen. 


Oithona  similis,  Glaus. 
Syn. :  0.  pygmea.  Boeck. 

There  is  every  reason  to  believe  that  BOECK'S  species  o.  pygmea 
is  synonymous  with  o.  similis,  Glaus.  It  is  very  common  in  the 
plancton  off  our  coast,  and  BOECK  says  of  the  pygmea,  that  it  is 
very  numerous  in  the  Kristiania-fjord  in  summer.  The  species  is 
easily  distinguished  from  the  following  one  by  the  rostrum  forming 
a  right  angle  to  the  longitudinal  direction  of  the  body,  so  it  cannot 
be  seen  from  the  dorsal  side. 


Oithona  spinifrons,  Boeck. 
?  Syn. :   0.  plumifera,  Baird. 

The  other  form  of  oithona  is  rarer  than  the  former  one.  I 
have,  however,  seen  it  occured  quite  commonly  in  plancton  samples 
taken  just  outside  the  Biological  Station  in  November  1896.  On 
loser  examination  it  will  perhaps  be  shown  that  the  synonymy 
suggested  above  is  correct.  The  antennse  are  of  about  the  same 
length  as  those  of  o.  plitmifera.  but  the  projecting  rostrum  varies 
somewhat  from  the  drawing  of  GIESBRECHT  in  his  well-known 
"Monographic".  The  length  of  the  females  I  have  found  to  be 
about  1.1  mm. 


Microsetella  atlantica,  Brady  &  Rob. 

From  my  plancton  tables  will  be  seen,  that  this  species  occurs 
in  winter  as  well  as  in  summer.  During  July  and  August  1896  it 
was  very  frequent  in  the  fjords  near  Bergen,  whereas  it  occurred 
rather  sparely  off  the  Biological  Station  in  February  1897.  Nor  is 
it  in  Lofoten  very  frequent  in  winter. 


Harpacticus  chelifer,  0.  F.  Miiller. 

BOKCK  has  observed  this  species  in  the  Kristiania-fjord  and 
off  the  west  coast  of  Norway.  I  have  seen  several  specimens  in  a 
sample  taken  at  the  quay  at  the  village  of  Sundero  in  Vesteraalen. 
This  copepod  also  occurred  in  the  stomach  contents  of  young 
green-cods  that  I  caught  at  R0st  in  Lofoten.  Otherwise  the 
species  goes  still  further  north,  having  been  for  instance  observed 
by  AUKIVILLIUS  in  Kveenangen. 


M 


furcata*  Baird. 

BOECK  states  that  the  species  is  common  everywhere  along  the 
shore.  I  have  seen  it  in  plancton  samples  from  the  little  fjord 
outside  the  Biological  Statiun. 


Oonchoeria  «•/•  .;///>.  G.  0.  Sars. 

(Oversigt  af  Norges  marine  Ostr;u  o<ler.    p.  117 — 118.      Kristiania 
Vi. Irii.  Selsk.  Knrli.  1865.     The  diagnose  in  Latin). 

Ostracods  have  appeared  in  a  few  cases  in  the  samples  I  have 
examined.  Thus  the  above  form  occurred  in  a  sample  from  0 — 100 
in.,  taken  March  26th,  1896,  8  miles  S.  E.  to  E.  of  the  fishing 
station  Reine  i  Lofoten. 


in  the  plancton  may  be  mentioned  inonocx  'latua.  Schneider, 

taken  in  the  Tromsii  sound  (April  1'Oth,  1897)  in  a  surface  sample. 


Conchoecia  obtunata.  G.  0.  Sars. 
L.  c.,  p.  118—119. 

Of  this  species  I  found  two  specimens  in  a  sample  from  about 
the  same  place  (Mar.  23rd,  1896.  16  miles  S.  E.  to  E.  off  Reine, 
0—130  m.). 


nine  nordmanni,  Loven. 

At  certain  times  the  evadne  is  one  of  the  commonest  forms  of 
the  plancton.  Thus  in  June  1897  the  species  occurred  in  great 
quantity  outside  the  Biological  Station. 


Borrophaunitt   //*•  rwn'.--.    Kn'lyer. 

This  schizopod.  which  was  sometimes  found  in  great  quantity 
in  the  stomach  of  the  Lofoten  ml,  also  appeared  in  the  plancton 
vimples.  In  the  Ostnes-fjonl,  Lofoten,  also  thysanoi:**«  >/<///<(•/(», 
Khiyer.  was  found,  whereas  I  have  not  yet  obtained  ni/cti]>lin>i<:« 
iionrgica  in  the  plancton  net,  but  have  seen  this  species  in  great 
numbers  in  the  stomach  of  gadwt  rirens.  Besides  the  three  ephau- 
sidae  mentioned,  the  following  belong  to  our  fauna: 

Euphausia  pellucida,  Dana. 

Boreophausia  raachil.  M.  Sars. 

i.  K'royer. 


l'.«  >nl<icuma  ccrcaria,  v.  Beneden. 

Of  this  cunian'1.  which  must  probably  be  noted  as  a  southern 
form,  I  took,  in  a  plancton  catch  on  Feb.  22th,  1897,  a  single 
specimen,  in  the  harbour  of  Brettesnes,  Lo<oten.  Along  the  nor- 
thern coasts  the  species  is  likely  to  be  rare.  SCHKEIDEK  states 
that  he  has  taken  a  specimen  at  Hillesd  in  Malangen-fjord. 


Podon  polyphemoides,  Leuckart. 

In   the  little  fjord  on  which  the  Biological  Station  is  situated,  i 
podon   in    1897   occurred   most    frequently   in   the   month   of  July. 
Podon,   as  well   as  evadne,   are   by   6.  0.  SARS  given   among  the 
species  that  serve  as  food  to  the  sprat. 


Parathrmisto  oMiiiti.  Kriiyer. 

This  arctic  form  I  have  observed  at  different  places  in  the 
plancton,  and  also  in  the  stomach  contents  of  gadus  callarias  and 
g.  lirens.  In  stomachs  of  the  latter  species  (Sunderii  in  Vester- 
aalen,  Feb.  1897)  I  also  took  the  forms  far  more  rare  on  the 
coasts  of  Norway,  of  evfkeuttfto  cotnpressa,  Goes,  and  cuthemisto 
Intrpinosa,  Boeck. 


ri.  Kabr. 
(A.  Mbinn,  Lvncli). 

Fry  and  young  individuals  of  this  amphipod  occurred  in  the 
surface  at  Sundero  in  Vesteraalen,  Feb.  10th,  1897.  SABS  states 
that  the  species  occurs  in  comparatively  shallow  water  among  algse 
from  Kristiania-fjord  to  Vadso.  Among  other  amphipods  observed 


In  some  of  the  plancton  samples  that  I  have  examined,  I 
have  been  struck  by  the  number  of  foraminifera  that  occurred. 
The  only  explanation  seems  to  be  that  a  great  deal  of  bottom 
forms  are  whirled  up  by  the  current  and  are  kept  floating  for 
some  time.  Mr.  HANS  KI.V.K  of  Kristiania  has  shown  me  the 
kindness  of  defining  the  foraminifera  in  some  of  the  samples  taken 
during  my  journey  in  1897,  and  the  result  is  here  given  from  his 
manuscript : 
March  llth,  1897.  5'/s  miles  SSE  of  Ure  in  Lofoten. 

Planorbulina  lobatula.  Walk  &  Jacob,  a  few     specimens 

Cassidulina  crassa,  d'Orb., 

Haplophragmium  nanum,  Brady.  one  small 

March  5th,  1897.     S.  to  W.  off  Vater-fjord,  0—100  (Ostnes-fjord). 

Nonionina  scapha,  Ficht  &  Moll..  one  defective  specimen 

Planorbulina  lobatula,  Walk  &  Jacob,  some 

Uvigerina  angulosa,  Will.,  a  few 

Pulvinulina  punctulata,  d'Orb., 

Cassidulina  laevigata,  d'Orb., 

Verneuilina  polystropha,  v.  Reuss, 
April  20th.   1897.     Tromso-sound,  plancton  from  surface. 

Polystomella  striatopunctata,  Park  &  Jones,  2  specimens. 
March  llth,  1897,  GimsO-strommen,  plancton  0 — 50  m. 

Planorbulina  lobatula,  Walk  &  Jacob,     some  specimens 
refulgens,  d'Orb., 
akneriana,  d'Orb.,  one 

Miliolina  seminulum,  Lin., 

Feb.  9th,    1897.      Sunderii,    Vesteraalen.    in    plancton    taken    from 
the  beach. 

Planorbulina  lobatula,  Walk  &  Jacob,   one  specimen. 
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April   30th,    1897.     Rost.      Plancton   taken  in   the    surface    at   the  ] 
quay  of  Glea. 

Planorbulina  refulgens.  d'Orb.,  many  specimens 

lobatula,   Walk  &  Jacob, 
coronata,  Park  &  Jones,  one 

akneriana,  d'Orb.,  two 

Uvigerina  angulosa,  Will.,  some 

Cassidulina  laevigata,  d'Orb., 

Globigerina  bulloides.  d'Orb., 

Operculina  ammonoides,  Gronov,  one 

Polystommella  striatopunctata,  Park  &  Jones,    two 

Uvigerina  pygmaea,  d'Orb.. 

Bullimiua  marginata,  d'Orb.,  one 

Haplophragmium  canariense,  d'Orb., 
glomeratum,  Brady, 

Miliolina  seininulum,  Lin., 

Nonionina  depressula,  Walk  &  Jacob,  two 

stelligera,  d'Orb., 

Textularia  williamsoni,  Goes,  some 

Pulvinulina  concentrica,  Park  &  Jones, 
March,  5th,   1897.     Ostnes-fjord,  Lofoten.     Plancton  from  0 — 60  in. 

Planorbulina  lobatula,  Walk  &  Jacob,  many  specimens 

refulgens,  d'Orb., 
akneriana,  d'Orb.,  two 

Operculina  ammonoides,  Gronow, 

Discorbina  globularis,   d'Orb.,  one 

Cassidulina  laevigata,  d'Orb.,  some 

Nonionina  depressula,  Walk  &  Jacob,  two 

Miliolina  semigumum,  Lin.,  one 

April  28th,  1897,  0  m.,  Rost. 

Planorbulina  lobatula,  Walk  &  Jacob,  many  specimens 

refulgens,  d'Orb.. 

coronata,  Park  &  Jones,  two 

akneriana,  d'Orb.,  some 

Uvigerina  pygmaea,  d'Orb., 
angulosa,  Will., 

Polymorphism  compressa,  d'Orb.,  one 

Cassidulina  laevigata,  d'Orb.,  some 

Globigerina  bulloides,  d'Orb., 

Nonionina  depressula,  Walk  &  Jacob, 

Haplophragmium  nanum,  Brady,  two 

Pulvinulina  concentrica,  Park  &  Jones,  one 

Discorbina  obtusa,  d'Orb.. 

Lagena  lucida,  Will.  var.  nordgaardi,  n.  v.       two 

Description  of  the  new  var. 

Pyriformis  aut  ovalis,  vix  compressa,  obtuse  mar- 
ginata, utrinque  costa  lata  praedita,  entosolernica, 
apertura  ovalis  magna.  Long.  0.33  mm. 


This  nice  form  is  pear-shaped  or  oval,  and  scarcely  compressed 
from  the  sides,  the  keel  is  obtuse  and  has  on  either  side  a  parallel- 
running,  thickened  stripe,  which  ends  above  in  a  rounded  point  at 
a  distance  of  about  one  third  of  the  length  of  the  shell  from  the 
mouth-opening;  below  it  is  somewhat  bent  upwards  and  somewhat 
narrowed  by  the  button-shaped  thickening  that  the  shell  ends  in. 
This  stripe  is  by  transparent  light  dark,  by  surface  light  it  is 
white,  the  elevation  of  it  being  quite  small.  At  the  mouth  the 
shell  is  squarely  cut  off,  at  the  lower  end  it  is  drawn  out  into  an 
obtuse  prolongation.  The  species  reminds  one  very  much  of  I. 
qttadricostata,  Reuss,  but  is  distinguished  from  the  latter  species  by 
the  form  of  the  stripes,  the  almost  ball-shaped  shell,  and  by  the 
oblong  aperture,  which  is  pointed  to  both  sides. 

Two  specimens  were  found  by  Mr.  0.  XOEDGAABD  at  Rost  in 
Lofoten,  and  were  called  after  him". 


At  the  present  stage  of  my  investigations  of  animal  plancton 
at  our  coasts,  it  is  impossible  to  give  any  general  description. 
What  has  till  now  been  done  in  this  field  must  rather  be ,  said  to 
be  of  a  reconnoitering  kind.  I  have  tried  to  obtain  knowledge  of 
the  forms,  their  horizontal  and  vertical  distribution,  but  have  till 
now  undertaken  no  quantitative  plancton  determinations.  Of  course. 
I  have  seen  that  there  is  great  difference  in  the  quantity  of  animal 
plancton  in  the  months  of  September  and  February,  for  instance. 
In  Lofoten  it  is  rather  poor  in  the  latter  month,  especially  in  the 
surface  strata,  as  is  also  the  case  in  the  fjords  near  Bergen.  Both 
animal  and  vegetable  plancton,  however,  is  found  also  in  the  month 
of  February.  Arctic  copepods,  as  metridia  longa,  eiichceta  norvegica; 
and  calanus  hypcfborms,  I  have  scarcely  ever  taken  in  the  surface 
strata  (0  —  50  m.).  But  in  the  deep,  where  the  temperature  has 
been  about  6°  C.,  and  the  saltness  34 — 35  %0,  m.  longa  and  c. 
hyperboreans  have  occurred  in  greater  numbers,  especially  in  Lofoten. 
Near  Bergen  too,  I  have  observed  a  few  specimens  of  the  above- 
mentioned  arctic  copepods.  Recently  there  occurred  further  a 
female  of  hctarocJueta  norvegica  (By-fjord,  Aug.  24th,  1897,  0 — 300 
m.).  The  occurrence  of  arctic  copepods  in  our  waters  can  scarcely 
be  used  to  support  the  so  called  ''current  hypothesis".  It  is  likely 
that  dr.  HJOET  is  right  in  saying  that  these  animals  occur  in  the 
deep  of  the  fjords  because  arctic  conditions  ;ire  prevailing  there. 

Through  a  seal-hunter  at  Tromso  I  have  obtained  some 
plancton  samples  from  the  sea  between  Norway  and  Spitsbergen, 
taken  in  the  summer  season.  In  some  of  these  occur  great 
numbers  of  calanus  In/perboretis  from  the  surface  strata.  At  our 
coast,  however,  1  have,  as  mentioned  above,  hitherto  only  taken 
this  species  in  somewhat  deeper  water.  What  appears  particularly 
characteristic  of  arctic  conditions,  is  the  great  uniformity  throughout 
the  year  of  temperature  and  saltness,  and  it  is  therefore  likely 
that  tbe  arctic  animal  forms  occurring  in  our  waters  keep  in  the 
deep,  because  the  physical  conditions  there  are  most  corresponding 
to  those  of  the  Arctic  Ocean. 

I  thus  think  I  have  observed,  in  the  case  of  several  arctic 
copepods,  that  in  our  waters  they  are  chiefly  bound  to  the  deep, 
and  this  circumstance  may  be  one  of  the  conditions  that  cause  their 


inferiority  in  number,  size.  Ac.  On  account  of  the  importance  of 
light  to  the  vegetable  plancton  world,  the  quantity  of  food,  in 
summer  at  any  rate,  will  be  greatest  in  the  surface  strata;  conse- 
«,uently  a  certain  species  will  here  ti.,,1  the  best  conditions  of  life, 
if  the  star  there  is  not  rendered  impossible  by  the  physical  con- 
ditions.  In  this  connection  I  should  also  mention  that  for  instance 
nlintu  hyprbows  from  the  surface  of  the  sea  at  Jan  Mayn  had 
tery  red  coloured  antenna?,  while  those  of  specimens  from  Bergen 
an«l  Lofoten  were  colourless. 

The  arctic  copepods,  r.  kyperbamu,  metridia  lo,tga,  euchata 
monvgtca.  heterocha-ta  norregica,  seem  to  occur  at  our  coast  through- 
out  the  year,  and  their  occurrence  need  not  at  all  be  dependent 
on  transportation  by  arctic  currents.  When,  on  the  contrary,  such 
animals  as  elio  borealis  and  limacina  helicina,  on  rare  occasions 
occur  in  our  waters  (according  to  statements  by  BOECK  and  SARS), 
me  to  support  the  opinion  that  some  times  arctic  cur- 
rents  force  their  way  up  to  our  coasts. 

I  .ve  mentioned  above  that  the  winter  plancton  is  rather 
poor.  There  may,  however,  even  in  the  month  of  February  in 
Lofoten  occur  rather  many  forms  As  an  instance  of  this,  I  give 
a  list  of  the  contents  of  the  samples  from  Liland  (Ofoten-fjord) 
and  Tjeldsundet.  The  diatomace*,  dinoflagellata,  tintinnodea,  &c. 
have  been  determined  by  Mr.  JORGENSEN  of  Bergen. 


Liland,  Tjeldsundet, 

Febr.  24th  1897.     Febr.  24th  1897. 


Copepoda. 

Calanus  finmarchicus,  Gunn 

hyperboreus,  Kreyer 

Metridia  longa.  Lubb 

Euchseta  norvegica,  Boeck 

Oithona  similis.  Claus 

Microsetella  atlantica,  Brady  &  Rob.. 

Larva?  of  copepods 

ChaHognatha  


0—300  m. 


Diatomaceae. 


dHBtoceros  boreale.  Bail 

criophilum.  Castr 

decipiens,  Cl 

diadema,  (Ehrb.)  Gran  . . . 

Coscinodiscus  radiatus.  Ehrb 

oculus  iridis.  Ehrb 

concinnus.  W.  Sm 

Mriatt-lla  unipunctata,  Ag 

Skeletonema  costutum.  (Grev.)  Cl. 

<  'ampylodiscus  Tlmretii,  Breb , 

Navicula  latissima,  Greg 

Thalassiothrix  longisHima,  Cl 
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rr 
rr 
r 
r 
r 


rr 
rr 


0—200  m. 
c 
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rr 

r 
rr 
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Dinoflagellata. 

Ceratium  tripos,  (0.  F.  Mull.)  Xitzsch.        -f 
v.  bucephalus.  Cl -j- 


Liland, 
Febr-  24th  1897 

~~300  m- 
V'  m*croceros'  <Ellri»-)  (''«P-  et  Lachm-         r 

T<  Rr°JcUS'  (Ehrb')  Clap"  et  Lachm-  •  • 

C'  fuSU8'  (  r 

IVn<]"mim  d'vergons.  Kl.rb  .......... 

pellucidum,   (Bergh)  Schiitt. 

Gonyaul«  8Pinifera'   (ClaP-  et  Lac«'»-) 

veRica'  ClaP"  € 
acuta,  Ehrb  ............. 

Tintinnodea. 
Amphorella  subulata)  (Ehrb-)  Dad..  rr 

Tra^o-o^  nitida,  Brandt  .  r 

beroiclea,  Stein.  . 
Cvttarocylis  denliculata,  (ClapetLachm.) 


y    ^  (Brandt) 

t      i  . 

Ptvchocvlis   urnula','  (Clap'.'et'  Lachm.) 
t>  .     if 


Febr.  24th  1897. 
0—200  m. 

r 
r 

r 

r 
r 


r 
rr 


Challengeria  tridens,  Hck 
Acantharia,  sp 
Eucecryphalus,  sp 


Chlorophyceae. 
Halosphsera  viridis,  Schmitz 


r 

-f- 
rr 

-(- 


r 

-f 


-\- 


•f 


The  signs  above,  as  well  as  in  the   tables,   have   the  following 
signification : 

rr  very  rare 

r  rare 

4-  rather  common 

c  common 

cc  very  common 


After  the  above  was  in  the  hands  of  the  printer,  I  had  an 
opportunity  of  seeing  the  great  work  of  dr.  VANHOFFEN  on  "Die 
Fauna  und  Flora  Gronlands"*).  I  see  there  that  VANHOFFEX  in 
Karajak-fjord  has  found  the  male  of  calanus  hyperboreus  as  well  as 
the  male  (one  specimen)  of  Iwtcrochceta  norvegica.  The  total  length 
of  the  latter  was  3.57  mm.,  it  was  consequently  a  little  bigger  than 
my  specimen.  VANHOFFEN  also  emphasizes  the  likeness  with  h.  abi/s- 
xalif,  Giesb.  I  am,  however,  inclined  to  suppose  them  to  be  two 
different  species,  and  I  also  suppose  that  the  identity  of  the  h. 
•-fin if nn8  described  by  BRADY  and  h.  non-egica,  cannot  be  main- 
tained with  certainty. 

*)  Gronlandn-Expedilion  der  GesellxcliRft  fur  Erdkunde  zu  Berlin,  1891 — 
1898,  unter  Leitung  von  Erich  von  DrygaUki. 


D,    Final  Remarks, 


PROFESSOR  G.  0.  SARS  has.  in  my  opinion,  given  the  scientific 
statement  of  the  fundamental  causes  of  the  great  Norwegian 
fisheries.  The  biological  investigations  with  which  Mr.  SARS  introduced 
the  practical  scientific  work,  must  be  said  to  have  given  promises  of 
great  results  that  were  to  come.  It  is,  however,  a  matter-of-course 
that  a  long  series  of  special  investigations  still  remain  to  be  made. 
It  will  have  appeared  from  what  has  been  previously  said,  that 
both  public  authorities  and  private  men  have  had  their  attention 
drawn  to  the  difficult  problem  of  the  causal  relation  between  the 
migrations  of  the  fishes  and  the  changing  physical  condition  of  the 
sea.  Especially  a  great  number  of  temperature  measurements  have 
been  undertaken.  The  material  of  observations  brought  forward  in 
the  course  of  the  years  is  rather  considerable.  We  can  now  have 
a  general  idea  of  the  distribution  of  temperature  in  normal  years, 
and  the  measurements  have  also  given  us  some  notions  about  the 
swinging  limits  when  the  conditions  take  an  unusual  turn. 

Professor  0.  PETTEHSON  has  drawn  attention  to  certain  aperi- 
odical  changes  of  temperature  in  the  Gulf  Stream,  supposing  these 
to  influence  the  regulation  of  the  climate  of  Scandinavia*).  In  a 
later  work  the  same  author  has  put  the  irregularities  of  Scandina- 
vian winter  fisheries  in  connection  with  the  greater  or  smaller 
volume  of  the  Gulf  Stream  in  winter.  This  is  certainly  a  grand 
idea,  and  if  it  should  prove  to  be  correct,  it  will  at  once  also  be 
made  possible  to  form  an  approximate  opinion  of  the  predestination 
of  each  year's  fisheries,  which  would  of  course  be  of  great  economic 
importance. 

It  is  unfortunately  true  that  we  are  at  present  rather  far  from 
being  able  to  "prophesy"  the  course  of  the  Lofoten  fisheries;  for, 
to  my  knowledge,  there  has  not  yet  been  proved  any  direct  con- 
nection between  the  variations  in  the  physical  condition  of  the  sea 
and  the  fluctuations  in  the  cod  fisheries.  The  very  circumstance 
that  our  herring  fisheries  show  greater  irregularities  than  the  cod 
fisheries,  points  at  the  cod  being  more  capable  than  the  herring 
of  withstanding  negatively  acting  causes.  It  consequently  becomes 
more  difficult  to  determine  the  result  of  the  effects  on  the  cod 
fisheries  than  on  the  herring  fisheries. 

*)  "Om  moiligheten  af  vaderleksforutsagelser  for  langre  tid". 


So  much,  however,  seems  to  be  certain,  that  the  great  conflux 
of  cod  and  herring  to  the  coasts  cannot  be  principally  dependent 
on  hydrographic  conditions,  but  on  instincts  in  the  animals  them- 
selves. The  physical  conditions  consequently  can  only  act  in  a 
modifying-  way  on  the  instinctive  migrations.  That  however  the 
effects  are  strong  enough  to  decide  in  many  cases  the  fate  of 
the  herring  fisheries,  has  been  proved  by  the  excellent  Swedish 
investigators. 

On  the  other  hand,  the  attempt  to  explain  the  irregularities 
in  the  Lofoten  fisheries  by  hydrographic  causes  has  not  succeeded. 
It  appears  also  that  the  migration  of  the  cod  to  Lofoten  occurs 
one  year  after  another  under  quite  uniform  conditions,  because 
temperature  and  saltness  in  the  deeper  layers  undergo  very  small 
changes  indeed.  It  is  true  that  it  cannot  be  denied  to  be  possible 
that  the  migration  up  on  the  Lofoten  banks  themselves  may  be 
delayed  in  such  years  when  there  is  a  comparatively  sharp  limit 
between  the  water  of  5  — 6  degrees  and  that  of  3  degrees,  and 
that  in  consequence  the  catches  in  January  and  February  will  be 
smaller  than  usually.  But  from  what  1  have  seen,  I  must  conclude 
that  in  the  months  of  March  and  April  the  arrival  of  the  cod  and 
the  spawning  will  occur  in  spite  of  the  lower  degree  of  temperature, 
and  that  a  good  fishing  will  then  take  place.  In  the  month  of 
March  they  take  in  Lofoten  60  —  70  per  cent  of  the  total  catch, 
which  no  doubt  depends  on  the  circumstance  that  March  is  the 
spawning  month  proper,  when  the  migration  in  upon  the  banks 
becomes  general. 

We  are  thus  led  to  the  conclusion  that  a  principal  factor  in 
the  produce  of  the  Lofoten  fisheries  is  the  number  of  the  fish  that 
migrate  inwards,  and  as  the  migration  from  the  ocean,  according 
to  the  observations  hitherto  made,  goes  on  in  such  a  great  depth, 
that  the  annual  variations  in  the  physical  conditions  are  very  in- 
significant, we  are  obliged  to  look  for  another  explanation  of  the 
changes  in  the  numbers  of  the  immigration.  I  am  apt  to  think 
that  much  can  be  derived  from  changes  in  the  number  of  fish 
staying  on  the  outer  banks.  In  the  same  way  in  which  we  speak 
for  instance  of  a  bad  grouse  season,  by  which  we  mean  that  the 
number  of  grouse  is  small,  we  may  certainly  also  speak  of  a  bad 
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cod  season.  And  that  a  considerable  difference  in  the  year's  num- 
ber of  cod-individuals  tit  for  propagation  exercises  a  perceptible 
influence  on  the  produce  of  the  winter  fisheries,  must  be  considered 
most  probable.  A  reduction  of  the  number  of  the  cods  of  the 
season  that  are  tit  for  propagation,  may  of  course  in  part  be  canned 
by  unfavourable  physical  conditions  during  the  fry  stages,  (in  ana- 
logy with  the  unfavourable  influence  of  severe  frost  on  the  young 
grouse),  but  at  present  not  very  much  can  be  said  about  this  matter. 


-  In  the  present  work  I  ha\.  tried,  with  a  good  will  and  at 
the  best  of  my  ability,  to  draw  reasonable  conclusions  from  the 
observations  of  others  as  well  as  my  own.  In  certain  points  my 
views  differ  from  those  of  previous  authors.  It  may  he  that  I  have 
concluded  more  than  the  observations  allow  of,  or  that  I  have  even 
judged  of  facts  in  a  wrong  way.  It  is  however  my  hope  that  the 
material  of  observations  I  have  brought  forward  will  |irove  useful 
lor  future  investigations. 


Explanation  of  the  Plate, 


H.  n.  =  heterochaeta  norvegica. 

C.  h.  =  calanus  lyperboreus. 

C.  f.    =       —       finmarchicus. 

M.  h.  =  metridia  hibernica. 

yi.  y2.  ya  =  joints  of  the  outer  branch  of  feet, 
ii,    i2,    is    =     —       ,.     —   inner      —        „     — 
bi,  b2  =  basal  joints  of  feet  and  maxillipeds. 
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C.    f.,    foot  of  5th  pair,  left  side,  male  
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Fig.  1.5, 6.11   drawn  by   H.Bucher,   the  rest    by   O.Nordgaard. 
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